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Fire suppression, combined with lack of forest thinning and short-rotation,
monodominant management, has drastically altered the landscape in the southeastern U.S.,
leading to the loss of open pine ecosystems and associated avian species. Management of open
pine ecosystems is a common practice; yet, there remains uncertainty regarding how vegetation
structure impacts priority species. Using empirical data, I assessed changes in species abundance
and associated vegetation characteristics before and after management. I also sought to identify
vegetation characteristics that influence home range establishment and microhabitat selection of
Bachman’s Sparrows. Priority species were negatively associated with hardwood midstory and
abundance per site increased following management. Home range establishment of Bachman’s
Sparrows was influenced by disturbance, canopy cover, and slope, while microhabitat selection
was influenced by pine basal area, available perching options, vegetation density, and
herbaceous groundcover. Understanding how vegetation structure impacts priority species may
be helpful in guiding conservation and management efforts.
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CHAPTER I
INTRODUCTION

The North American Coastal Plain region within the southeastern United States (hereafter
Southeast), is a global hotspot for biodiversity with more than 1,500 endemic plant species
supporting a multitude of native wildlife (Noss, 2014; Jenkins et al., 2015). Since the arrival of
European settlers, this region has experienced more than a 70% loss of historical vegetation
cover, particularly in open pine/grassland ecosystems (Frost, 1993; Noss, 2014), which have
been modified as a result of settlement clearing, cattle, and timber production (Croker, 1979;
Frost, 1993; Landers et al., 1995; Allen et al., 2006). Furthermore, >12.9 million hectares of
southern forests have been converted to pine plantations consisting primarily of short-rotation
(<30 yr) and high-density loblolly pine (Pinus taeda; Wear & Greis, 2002). Although pine
plantations can provide a shifting mosaic of native pine communities housing a plethora of
species (Evans et al., 2021), management regimes required to meet fiber needs often precludes
these lands from providing vegetative structure that supports the needs of highly specialized
open-pine species (i.e., Bachman’s Sparrow, Brown-headed Nuthatch). Of the remaining pine
forests, the suppression of disturbance (e.g., fire and windthrow) has transformed open pine
communities such that many no longer manifest historic conditions suitable to sustaining many
of the endemic species (McIntyre, 2012; Singleton et al., 2013; Hannah et al., 2017; Morris et al.,
2020).
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Conservation agencies and organizations have identified several avian species that are a
priority for conservation and management within the Southeast (Greene et al., 2021; U.S. Fish
and Wildlife Service, 2021). The recent Landbird Conservation Plan of the East Gulf Coastal
Plain Joint Venture identified 29 avian species within differing habitat categories as part of their
efforts to prioritize species for management and conservation across the region (Greene et al.,
2021; GCPO LCC, 2013). Examples of these categories are: 1) pine-dominated priority bird
species e.g., Red-cockaded Woodpecker [Dryobates borealis], Bachman’s Sparrow [Peucaea
aestivalis], Brown-headed Nuthatch [Sitta pusilla], Northern Bobwhite [Colinus virginianus]); 2)
upland hardwood and mixed-pine hardwood priority bird species (e.g., Kentucky Warbler
[Geothlypis Formosa], Yellow-billed Cuckoo [Coccyzus americanus], Red-headed Woodpecker
[Melanerpes erythrocephalus], Wood Thrush [Hylocichla mustelina], Eastern Wood Pewee
[Contopus virens]; and 3) eastern-shrub-scrub priority bird species (e.g., Eastern Towhee [Pipilo
erythrophthalmus], Indigo Bunting [Passerina cyanea], and Prairie Warbler [Setophaga
discolor]). The recent release of the continental Birds of Management Concern list also identifies
many of these species as a high regional and/or continental priority (U.S. Fish and Wildlife
Service, 2021).
Open pine systems across the Southeast contain structural attributes that fulfill many of
the life-history requirements of pine-dominated and eastern-shrub-scrub priority bird species
(Singleton et al., 2013; Hannah et al., 2017; Morris et al., 2020). These systems also provide
conditions supporting upland hardwood and mixed-pine hardwood priority bird species (e.g.,
Eastern Wood Peewee; Conner et al., 2002). Open pine systems are generally characterized by a
low basal area (40–70 ft2/acre), moderate-open canopies of Pinus spp. (< 60% canopy cover),
low midstory cover (< 20%), and native herbaceous (grass-dominated) groundcover (>65%;
2

Hedman et al., 2000; McIntyre et al., 2019). Open pine systems historically depended upon
frequent disturbance regimes (i.e., fire) from both natural lightning ignitions and anthropogenic
sources to maintain pine dominance, control midstory establishment, and regenerate native
herbaceous groundcover (McIntyre et al., 2019). However, to obtain and maintain optimal open
pine conditions for priority open-pine bird species, a combination of forest management
practices that replace natural disturbance processes (e.g., forest thinning followed by prescribed
fire and/or herbicide application) must be implemented. These disturbance regimes reduce the
overstory canopy cover, suppress midstory vegetation, and promote herbaceous groundcover
crucial to life history strategies of open pine avian species. Management practices within these
systems typically produce a dynamic steady state of an open pine canopy, sparse midstory, and
early successional ground story vegetation structure and composition across the landscape
promoting open pine avian species (Singleton et al., 2013; Greene et al., 2016). To aid in the
creation of such structural conditions, Nordman et al., (2016) used expert-solicitation and a
literature-guided process to identify a suite of desired open pine forest conditions (DFC metrics)
intended to support sustainable wildlife populations specific to pine system groupings within the
Southeast. White & Nordman (2016), described a user-friendly, rapid, and efficient approach for
managers and landowners to assess open pine systems to apply DFC metrics from Nordman et
al., (2016) within southern open pine ecosystems. However, it is imperative to validate these
DFC targets with empirical data as a means to confirm and/or refine targets within pine system
groupings, although such literature is limited.
Management within native pine stands is particularly important for the conservation and
management of the federally endangered Red-cockaded Woodpecker (RCW), as quality and
quantity of habitat across the Southeast have declined by roughly 97% since European settlement
3

(Frost et al., 1986; Ware et al., 1993). As a result of this loss, areas managed for RCWs must be
routinely thinned, burned, and treated with herbicide to provide the necessary habitat conditions
(i.e., basal area of pine trees 10-14” DBH, 0–40ft2/acre, limited hardwood midstory less than 7ft
in height; U.S. Fish and Wildlife Service, 2015). Through such management strategies, Good
Quality Foraging Habitat (GQFH) critical to the recovery of RCWs can be established and
maintained through forest management practices (U.S. Fish and Wildlife Service, 2003).
Typically, GQFH for one RCW cluster (i.e., group of cavity trees in which RCWs nest and roost)
can be achieved within a 0.5-mile radius of cluster centers (U.S. Fish and Wildlife Service,
2015). However, recent efforts to expand GQFH conditions beyond near-cluster areas have been
implemented to allow greater opportunity for RCW dispersal, and to obtain collateral benefits
from open-pine management for other priority bird species (Connor et al., 2002; U.S. Fish and
Wildlife Service, 2015; U.S. Fish and Wildlife Service, 2021). Expanding management regimes
beyond RCW clusters has the potential to positively influence the abundance of other open pine
priority species such as the Brown-headed Nuthatch (Sitta pusilla), Northern Bobwhite, and
Bachman’s Sparrow (Connor et al., 2002). However, the expansion of management targeting
open pine structural conditions may consequently shift the avian community away from species
that prefer scrub-shrub, midstory, or hardwood overstory structure (e.g., Kentucky Warbler,
Wood Thrush, Yellow-billed Cuckoo, Eastern Towhee, and Indigo Bunting). Targeting
conditions to support one suite of priority bird species may come at the expense of other priority
bird communities in a landscape. Therefore, it is critical to gain understanding of the holistic
changes in a bird community when stand- and landscape-level managements are applied.
Understanding changes in bird community composition in response to management
activities is critical in feedback paradigms such as adaptive management when applied to open
4

pine systems. While adaptive management is crucial for understanding community dynamics,
more detailed research on individual species is sometimes necessary to assess specific needs
associated with life history requirements within a target ecosystem to aid in conservation efforts
(Supp & Ernest, 2014). Species requiring special consideration (Evans et al., 2021) or habitat
specialists, often require a greater level of management to sustain their populations on the
landscape than is necessary for other species within the ecosystem. For example, the Bachman’s
Sparrow is of particular conservation concern within open pine systems across the Southeast and
is considered to be one of the most rapidly declining bird species in North America (Butcher and
Niven, 2007), with population declines of roughly 76% across its range since the early 1970’s
(Sauer et al., 2017). Declines of this species are directly linked to fire suppression as Bachman’s
Sparrows rely on disturbance (i.e., fire) within the open pine systems to replenish native
herbaceous groundcover suitable for nesting and foraging strategies (Jones, 2008). Although
frequent disturbance regimes are essential in creating habitat for Bachman’s Sparrows, further
research is needed to identify structural conditions integral to home range establishment and
microhabitat selection within home ranges to create effective conservation and management
plans.
Despite the need for additional management for habitat specialists, managers often cannot
afford to focus conservation efforts on individual species of concern aside from legally mandated
ones (e.g., Red-cockaded Woodpecker), or species of particular recreational interest (e.g.,
Northern Bobwhite). Given this constraint, there is a need to identify vegetational structural
metrics that will help identify high quality habitat conditions for species of concern, that can be
adopted as part of adaptive management and monitoring frameworks (Provencher et al., 2002).
Whereas management for Red-cockaded Woodpeckers can provide habitat for pine-dominated
5

species (e.g., Bachman’s Sparrows, Brown-headed Nuthatch), it is less clear how densities of
eastern-shrub-scrub and upland hardwood and mixed-pine hardwood priority bird species will be
affected by management toward open pine structural conditions. Previous studies suggest that
species such as Red-headed Woodpecker, Yellow-breasted Chat (Icteria virens), and Indigo
Bunting respond positively to management involving hardwood reduction, whereas species such
as the Carolina Chickadee (Poecile carolinensis), Wood Thrush, and Great Crested Flycatcher
(Myiarchus crinitus) respond negatively (Conner et al., 2002: Provencher et al., 2002). Despite
such research, the recent release of the continental Birds of Management Concern list has raised
additional questions regarding the tradeoffs between open pine management and other groups of
priority bird species (U.S. Fish and Wildlife Service, 2021), prompting the need to identify
vegetational structural metrics crucial to species of concern.
By analyzing pre- and post-management data, managers can assess specific tradeoffs of
stand-level management on differing groups of priority bird species over time. If such data
includes a staggered occurrence of management over time, changes to community composition
and abundance can be easily seen as succession continues. Through this assessment managers
can confirm or refine management standards, resulting in more effective management techniques
for species of concern, while still accommodating species of lesser concern. Moreover,
understanding such costs and benefits may lead to a refinement of standards that are more
efficient and effective for refuge managers.
With a fraction of natural open pine systems remaining across the Southeast,
management practices have been implemented across the region to restore historic conditions
upon which endemic species rely (Aschenbach et al., 2010). Multi-year point count surveys and
associated vegetation surveys within managed pine forests provide a unique opportunity to assess
6

how changes to forest vegetation structure affect changes in avian abundance over time. I used a
six-year dataset to identify species-level habitat associations for one pine-dominated priority bird
species, Brown-headed Nuthatch, and one eastern shrub-scrub priority species, Prairie Warbler,
to assess effects of open pine management on species abundance before and after management.
Furthermore, I provide an assessment and recommendations for refining DFC metrics based on
empirical data quantifying bird-habitat associations to aid in the management and conservation
of priority bird species in southern pine flatwoods systems. As Bachman’s Sparrows are a
rapidly declining species of particular regional concern, I also conducted a two-year markresighting assessment of 41 unique individuals and associated vegetation structure at used and
available locations within each breeding season (2020–2021) to quantify home range
establishment and microhabitat selection (resource use) within stands under expanded
management for RCW GQFH. A precise understanding of home range establishment and
resources use of Bachman’s Sparrows will contribute to the conservation and management of
this declining forest bird species.
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CHAPTER II
IDENTIFYING SPECIES SPECIFIC HABITAT ASSIOCATIONS AND DENSITIES IN
EASTERN MISSISSIPPI
Introduction

Open pine systems of the Gulf Coastal Plain region have experienced immense losses
throughout the Southeastern United States (hereafter, Southeast), causing a subsequent decline in
associated avian populations over the last 50 years (Sauer et al., 2017). Declines are particularly
apparent in avian species that have adapted to vegetation conditions linked to disturbance
regimes (e.g., fire and windthrow) that reduce overstory and midstory canopy cover and facilitate
diverse herbaceous understory vegetation (Robbins & Myers, 1992; Burger Jr. et al., 1998;
Schlossberg et al., 2010). Although fire has played a prominent role in the evolution and
maintenance of southern open pine systems, it is not the only disturbance mechanism vital to
formation and maintenance of open pine systems (Kalies, 2010). Without a reduction in
overstory canopy cover, allowing sunlight to reach the forest floor, fire does little to stimulate the
growth of herbaceous ground cover (Doerr & Sandburg, 1986; Wilson & Watts, 1999). As such,
naturally occurring tree mortality, windthrow, and management via forest thinning play an
important role in the perpetuation of open pine systems.
In the absence of disturbance mechanisms that maintain open canopy conditions, many
avian species that are adapted to disturbance-generated vegetation conditions (i.e., grassland,
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early successional, scrub/shrub species), have declined significantly (Engstrom et al., 1984;
Sauer et al., 2017). Examples of such species include Red-cockaded Woodpecker
(Leuconotopicus borealis), Bachman’s Sparrow (Peucaea aestivalis), Brown-headed Nuthatch
(Sitta pusilla), Prairie Warbler (Setophaga discolor), and Northern Bobwhite (Colinus
virginianus). Since the early 1970’s, Bachman’s Sparrows have declined across their range by
76%, Brown-headed Nuthatch 24%, Red-cockaded Woodpecker 86%, Northern Bobwhite 85%,
and Prairie Warbler 66% (Sauer et al., 2017). As such, these open pine-dependent species are
now considered a priority for conservation and management by migratory bird partnerships
throughout the Southeast (e.g., WGCP, 2011; Greene et al., 2021).
These species typically prefer pine systems with reduced overstory basal area (e.g., 30-80
ft2/acre pine, ≤ 20 ft2/acre hardwood basal area), limited hardwood midstory components (<
20%), and an abundance of native herbaceous ground cover (30-80%), though each species
varies in their microsite requirements (Nordman et al., 2016). For example, suitable habitat
conditions for ground-nesting species like Bachman’s Sparrow and Northern Bobwhite include
dense herbaceous ground cover composed of native grasses and forbs within mature opencanopy pine forests (Dunning, 1993; Burke et al., 2008). Other species, like Red-cockaded
Woodpecker and Brown-headed Nuthatch require mature open-pine stands managed to reduce
midstory components, but are not directly dependent on groundcover habitat components
(O’Halloran & Conner, 1987).
Due to the direct association of priority bird species and open pine forest structural
characteristics, the restoration of open pine ecosystems is a focus of conservation efforts in many
parts of the Southeast (Hermann, 1993; Noel et al., 1998; Allen et al., 2006). This includes
special emphasis on the restoration of habitat crucial for the recovery of the federally endangered
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Red-cockaded Woodpecker (RCW). Intensive management for RCWs include frequent
disturbance intervals (1-3 years), low pine basal area, removal of woody species and the
maintenance of herbaceous groundcover through burning and herbicide treatments (Bowmen &
Huh, 1999). Through these restoration efforts, non-target species associated with open pine
forests have generally shown a positive community-level response to vegetation conditions
provided by RCW management (Hurst, 1972; Engstrom, 1993; Brennan et al., 1995; Greene et
al., 2016). For example, a study conducted within managed systems by Connor et al., (2002),
found relative abundance of Bachman’s Sparrows to be 0.83 individuals per survey as compared
to zero detections on untreated loblolly-shortleaf pine stands.
Understanding species-habitat associations in Southeastern open pine systems is crucial
in determining management scenarios that promote sustainability of avian species linked to open
pine systems. Sam D. Hamilton Noxubee National Wildlife Refuge (NNWR) in east-central
Mississippi holds populations of all of the above-mentioned pine-dominated priority bird species
and, as of 2016, began implementing forest management prescriptions as specified in their 2015
Habitat Management Plan (HMP) on designated pine management sub-units. One of the major
goals of this HMP was to expand management regimes away from only near-cluster RCW
management, and instead manage larger areas of the refuge as a means to provide greater
foraging and nesting opportunities for RCWs while co-benefitting other priority bird species
(U.S. Fish and Wildlife Service, 2015).
Expanding management outside of near-cluster areas provides the opportunity for the
assessment of bird response to management practices in designated pine management sub-units
over time. Coupling bird observation data with forest vegetation structure data, allows for the
development of species-level habitat associations and an assessment of the change in these
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associations over time. For example, many of the forest structural targets in the revised
management prescriptions (within the HMP), reflect open pine Desired Forest Condition (DFC)
metrics for Upper Coastal Plain Pine Flatwoods grouping (see Chapter I; Table 2.1; Nordman et
al., 2016). Such management goals provide the opportunity to evaluate and validate bird-habitat
associations relative to DFC metrics in this particular system. Although several studies have
concluded that open pine management positively influences priority species abundance and have
identified general vegetation requirements for each priority bird species (e.g., Wood et al., 2004;
Conner et al., 2002), few studies have directly assessed thresholds in vegetation structure based
on DFC metrics in an effort to evaluate management targets (but see McIntyre et al., 2019).
Moreover, it is unclear how eastern shrub-scrub, upland hardwood and mixed-pine hardwood
priority species (e.g., Kentucky Warbler, Yellow-billed Cuckoo, Red-headed Woodpecker,
Wood Thrush, Eastern Towhee, Eastern Wood Pewee, and Indigo Bunting) will respond to the
ephemeral nature of these management practices, particularly if vegetative structure that is
critical to life history strategies is reduced (Conner et al., 2002).
In this study, I used a six-year (2016-2021) dataset on bird and vegetation structure
conditions to assess annual breeding bird and vegetation communities before and after open pine
management. I evaluated a subset of species, including one pine-dominated priority bird species,
Brown-headed Nuthatch, and one eastern shrub-scrub priority species, Prairie Warbler, which are
predicted to respond positively to management. However, my approach can be used to assess any
species that might be affected by a change in forest structural composition (i.e., pine-dominated,
eastern shrub-scrub, upland hardwood, and mixed-pine hardwood priority species).
My objectives were to (1) quantify species-vegetation associations in relation to a suite of
desired forest structural characteristics and (2) assess effects of open pine management on
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priority bird species abundance before and after management. Given the staggered occurrence of
management across years, I conceptualized three potential effects of management on species
abundance 1) vegetation would affect priority bird species abundance, but the effects would not
be the same across management sub-units or years due to spatial location of sub-units and
vegetation succession across years [unit, year]; 2) vegetation would affect priority bird
abundance before and after management, but the effects would not be the same across sub-units
[unit, before/after]; 3) vegetation would affect priority bird species abundance before and after
management across the landscape [before/after]. Regardless of effect, I predicted that priority
bird species abundance would increase in response to open pine management when pine basal
area is ~80 ft2/acre, percent cover of hardwood midstory is low (<20%) and percent cover of
herbaceous understory is high (>35). Ultimately my results can be used to refine management
targets for open pine DFC metrics (Nordman et al., 2016) and create recommendations for
priority species management in within NNWR and other pine systems across Mississippi (as in
McIntyre at el., 2019).

Study Area

My study area lies in the Eastern Gulf Coastal Plain region of east-central Mississippi and
is located within NNWR (Figure 2.1; Noxubee, Oktibbeha, and Winston counties). NNWR is
managed to provide habitat for trust resource species, including management of upland pine
systems to support extent populations of federally endangered, Red-cocked Woodpeckers, and
bottomland systems to support waterfowl and other at-risk waterbird species (U.S. Fish &
Wildlife Service, 2015). In 2015, NNWR revised their Habitat Management Plan (HMP) which
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partitioned the refuge into 18 management units with boundaries reflecting historic forest types
(i.e., upland hardwood, mixed pine, bottomland hardwoods, cypress). Within the 18 management
units, three units were identified as having potential to provide additional habitat for Redcockaded Woodpeckers and other declining forest bird species and were targeted for near-term
management. These three management units (Section Line Road, Bluff Lake Road, and Lynn
Creek) encompass five smaller management sub-units within which my study was focused.
These include Bombing Range, Goose Pen, Section Line, Triplett’s Pasture, and William’s Road,
which cover ~17% of the total refuge area (Figure 2.1). Due to size of units and resources, the
implementation of forest management was staggered over the course of this study based on
timber sales, resulting in a variation in management sub-units surveyed in each year (Table 2.2).
Details of each management unit and subsequent management sub-units are described as follows,
per the NNWR HMP (U.S. Fish and Wildlife Service, 2015).
Bluff Lake Road management unit contains 5,190-acres located in the center of NNWR,
west of Bluff Lake. This management unit consists primarily of loblolly pine (majority 60- to 80years old) in the interior flatwoods and bottomland hardwoods in lower elevations, with several
small perennial and intermittent streams throughout the unit. Since 2010, 60% (>633 acres) of
the unit has been treated to control hardwood midstory. Although, as a result of soil moisture,
prescribed fire carries less readily, and hardwood regeneration occurs more frequently. Pine
management for Triplett’s Pasture sub-unit within Bluff Lake Road began in 2019 and consisted
of forest thinning followed by rotational fire and herbicide treatment.
Section Line Road management unit is located in the southern portion of NNWR, west of
Bluff Lake. This management unit consists primarily of loblolly pine and is partially bisected by
a red oak hardwood bottom (Lynn Creek management unit). Since 2010, approximately 15,331
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acres were treated with prescribed fire, while 633 acres were treated with herbicide to control
hardwood midstory. Yellow Creek, Horse Creek, and the upper fingers of Loakfoma Creek are
found throughout this unit, in addition to small perennial and intermittent streams. Although pine
is frequently represented within the overstory, due to the increased soil moisture, prescribed fire
carries less readily, and hardwood regeneration occurs more frequently preventing this unit from
becoming a pine dominated stand. Mainly, free thinning was used to reduce pine basal area and
to remove hardwood midstory, but, when necessary, manual or mechanized pre-commercial
thinning was used. Moreover, prescribed fire, mechanical control methods, and use of herbicides
were used to control hardwood growth and create the desired understory and ground
characteristics needed to support priority species. Within Section Line Road, pine management
for the Goose Pen sub-unit began in 2017 and consisted of forest thinning followed by rotational
fire and herbicide treatment. Also within Section Line Road, the implementation of pine
management within Bombing Range and Section Line sub-units began in 2020, and consisted of
forest thinning followed by rotational fire and herbicide treatment. Approximately 80% of the
William’s Road management sub-unit is contained within Section Line Road and management is
scheduled to begin in 2022 and will consist of forest thinning followed by rotational fire and
herbicide treatment.
The other portion (~20%) of William’s Road management sub-unit lies within Lynn
Creek management unit. This management area is approximately 1,491 acres of mixed hardwood
primarily and is almost completely enclosed within the Section Line Road management unit.
Since 2010, this unit has been indirectly treated with prescribed fire, used to control the
hardwood midstory within the Section Line Road management unit. Chemical hardwood control
has not occurred within this Lynn Creek, but herbicides have been used to control exotics and
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invasive plants. As a result of increased soil moisture, prescribed fire carries less readily, and
hardwood regeneration occurs more frequently.

Methods

Study Design

Sampling large, heterogeneous areas within target management sub-units across NNWR
requires a design that is both probabilistic and spatially balanced. The Generalized Random
Tessellation Stratified (GRTS) sampling design produces a spatially balanced, random sample of
survey points that allows for unequal probability and over-sampling, which accommodates
survey errors in the field (Stevens Jr. & Olsen, 2004). Moreover, the GRTS approach generally
provides results with greater precision for estimates compared to other sampling designs
(Stevens Jr., 2006). This sampling approach was derived in 2015 by overlaying a tessellated
hexagonal grid across each of the five management sub-units (acting as strata). Random points
were selected as the grid starting point, and hexagon identifiers were randomly sampled from the
available sample frame within each hexagon (hexagon radius = 250 m, area = 16,2380 m).
Survey locations were then identified as the centroid of each selected hexagon, with a minimum
of 250 m linear distance between survey locations. To increase sampling efficiency, only ~100
(Table 2.3) randomly selected survey locations were selected within each management sub-unit.
Survey locations were then established in the field by selecting the largest diameter at breast
height (DBH) loblolly pine nearest to the survey location using lat/long coordinates. All survey
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location trees were marked with an aluminum tag with unique identifier and flagging. With this
sampling design, I assessed six-years (2016-2021) of pre- and post-management empirical pointtransect data taken at specific survey locations within five management sub-units across NNWR
(Figure 2.1), per year to quantify species-level habitat associations and to assess effects of open
pine management on priority bird species abundance.

Avian and Vegetation Sampling

Avian communities were sampled during the breeding season from 15 May to 30 June
each year (2016-2021) at established survey locations within the five separately managed pine
sub-units at the NNWR using point-transect bird surveys (per the National Landbird Monitoring
Protocol; Knutson et al., 2008). Survey locations within each management sub-unit were
sampled once per breeding season, unless the unit was actively managed during that time, this
created a staggered entry of sampling across years (see Tables 2.2-2.3). Surveys were conducted
from sunrise to 10 am to ensure I was sampling during periods of peak calling activity (Knutson
et al., 2008). Surveys were executed for a ten-minute time period, during which all initial
auditory and visual detections of unique individual male birds were recorded into distance bands
(0-25, 25-50, 50-100, >100 m) at one-minute time intervals during the survey. Surveys were not
conducted when there was precipitation or when wind speeds exceeded 10 mph to avoid impacts
of rain and wind on detectability (Knutson et al., 2008).
To facilitate analysis of vegetation associations, I conducted vegetation structure
sampling at each survey point following the recommended DFC metrics for the upper coastal
plain pine flatwood grouping (Table 2.1; Nordman et al., 2016). This included seven forest
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structural metrics within three general forest strata (canopy, midstory/shrub, groundcover; Table
2.4). Vegetation sampling was conducted between 1 July and 1 September at each survey
location following completion of the bird survey season. I sampled five subplots at each survey
location, once at the center (5 m north of survey point tree), and in each cardinal direction 25 m
from the center subplot (Figure 2.2). I separately measured basal area of pine trees and hardwood
trees at each center subplot using a 10 basal area factor (BAF) wedge prism. To estimate forest
structure, I used a measuring tape to delineate a circle with a radius of 3.6 m centered within
each subplot and estimated the percent cover of forest categories within each subplot, which was
measured in 5% increments using ocular estimates. Stand density index (see Table 2.1) was not
collected as it is generally a derived variable. Moreover, I did not collect midstory fire-tolerant
hardwood cover specifically, but instead was grouped into overall midstory cover.

Statistical Analyses

Although point-count surveys are a popular method to sample bird populations there are
well-recognized imperfections which can bias population estimates used for management or
conservation. These include observer error in detecting a bird that is calling or visible, or a birds’
failure to give cues during the survey, which can lead to incomplete detections of individuals
(Burnham, 1981; Kéry & Schmid, 2004; Amundson et al., 2014). One method to resolve such
issues of incomplete detection is to account for components of detection probability (𝑃; Nichols
et al. 2009) in statistical models. Detection probability is comprised of two components availability (i.e., probability a bird is available for detection; 𝑃𝑎 ) and perceptibility (i.e.,
probability it will be detected by the observer; 𝑃𝑑 ). Under this premise, detection probability (P)
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is then,

𝑃 = 𝑃𝑎 × 𝑃𝑑

(2.1)

By incorporating Farnsworth et al.’s (2005) combined time-removal and distance-sampling
model with a hierarchical distance-sampling model (Royal et al., 2004), Amundson et al., (2014)
created a Bayesian hierarchical model within a N-mixture framework to account for both
components of detection probability. The hierarchical aspect of the model as described in
Amundson et al., (2014) is as follows: A) determine detection probability at each survey location
for each individual (i.e., observation model); B) determine species abundance per survey location
while accounting for detection probability (i.e., survey point specific counts); and C) estimate
avian abundance (and density) of species over a survey area. While this modeling framework
does provide insight on detection probability and reduces bias in abundance estimates, it does not
incorporate replicated point-transect data across years and does not account for the inclusion of
multiple sites, nor was it designed to test for the effects of management-induced changes in
vegetation structure over years.
To incorporate such data, I modified the original Amundson et al., (2014) model to
examine predicted effects of management at three levels ([unit, year], [unit, before/after],
[before/after]) to account for multiple years (n = 6) of data collected from multiple sites (e.g.,
management sub-units; n = 5) across a landscape. I did this using a nested design where survey
locations (k) within year (t), were nested within management sub-units (m). While the model
indexing of levels varied (Table 2. 5; see appendix for model code), the general hierarchical
structure described by Amundson et al., (2014) is as follows:
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A: Determine detection probability at each survey location for each individual

For each yearly survey (t) at point (k) within sub-unit (m), an observer recorded the
estimated radial distance from the point and the one-minute time interval within which each bird
(i) was first detected, at which point the bird was considered “removed” from further counting.
The distance was recorded into one of four discrete distance classes (b) out to a maximum
distance of perceptibility (maxd; 250 m). A detection time was assigned a time interval (j); thus,
the observed data became the counts of individuals at each point (yk,m,t) during time interval (ji),
and in distance class (bi), where yk,m,t is the total number of birds of a given species (y), detected
at a survey location (k) within a management sub-unit (m) for a given year (t). A half normal
detection function with a cosine adjustment (Miller & Thomas, 2015) was used to assess the
relationship between detection probability and distance at each point using the mid-points of
each distance class. Given assumed independence of distance sampling and time removal
(Amundson et al., 2014), the overall probability of detection of each individual (i.e., observations
conditional on yk,m,t) is the product of availability (derived from TimeInterval ji) and
perceptibility (derived from DistanceClass bi). Thus, the observation model for each individual i
at each survey point within a management sub-unit for a given year had two components:

TimeInterval (ji) ~ Categorical (t = 1, 2, 3…10)

DistanceClass (bi) ~ Categorical (d = 25, 50, 100, 250)
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(2.2)

(2.3)

Detection probability was estimated using two different regressions: one for
availability and one for perceptibility. To estimate detection probability more accurately,
expected perceptibility and survey start time were added as covariates to the perceptibility
portion of the detectability model, while expected availability and survey date were added as
covariates to the availability portion. Due to potential landscape changes produced by
management, estimated parameters were indexed by normally distributed hyperpriors to capture
predicted differences in the mean and standard deviation of the effect of management (Table
2.5).

B: Species abundance per survey location while accounting for detection probability

To examine the fit of the availability component independently from the perceptibility
component, survey location counts were modeled as yk,m,t conditional on Nk,m,t. This represents
the product of number of individuals at each survey location within a management sub-unit for a
given year that were available for detection (navailk,m,t) as a random variable with sample size
Nk,m,t, and the probability of availability (𝑃𝑎(𝑘,𝑚,𝑡) ). The number of individuals observed at each
survey location was then a random variable with sample size (navailk,m,t) and the probability of
detection (𝑃𝑑(𝑘,𝑚,𝑡) ; Amundson et al., 2014).

Probability of availability (survey site): navailk,m,t ~ Binomial (Nk,m,t, 𝑃𝑎(𝑘,𝑚,𝑡) )

(2.4)

Probability of detectability at a survey site: yk,m,t ~ Binomial (navailk,m,t, 𝑃𝑑(𝑘,𝑚,𝑡) )

(2.5)
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C: Estimate avian abundance

I then evaluated relationships between forest structural characteristics and avian
abundance for each species per survey location (Nk,m,t), within each management sub-unit per
year, using six-years (2016-2021) of point transect data and associated vegetation data taken at
each specific survey location. I used a Poisson distribution with a mean value λ, Nk,m,t ~ Poisson
(λk,m,t) (Royle et al., 2004; Amundson et al., 2014). I created models for each species based on
prior knowledge of species-vegetation associations (Table 2.6); all vegetation metrics selected
for each model were an average of vegetation subplots at each survey location. Thus,

log(λk,m,t) = α + β1χ1k,m,t + … + βnχnk,m,t

(2.6)

where α is the y-intercept for expected abundance and β1χ1k,m,t….n + ….. βnχnk,m,t….n are
continuous effects for vegetation covariates at survey point k,m,t determined from known
vegetation relationships for each modeled species.
All models were run in JAGS version 4.1.0 (Plummer, 2003) using package ‘jagsUI’
(Kellner, 2015) in R version 4.1.1 (R Core Team, 2021). For each model, I ran 500,000
iterations, discarding the first 400,000 as burn-in, with a thinning rate of 10 to reduce
autocorrelation. I used several diagnostics to determine the convergence and fit of each model.
All diagnostics were run in R version 4.1.1 (R Core Team, 2021) using packages ‘coda’
(Plummer et al., 2006) and ‘bayesplot’ (Gabry & Mahr, 2021). I based convergence on the
Gelman-Rubin potential scale reduction parameter (R̂), where values between 1.0 and 1.1
indicated convergence (Gelman & Rubin, 1992). I also looked at the trace plots for each
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estimated parameter, where well-mixed chains indicated convergence. Finally, I inspected the
density plots for normality of each estimated parameter. I based model fit on pairwise posterior
correlations (< 0.7), autocorrelation between model parameters (< 0.1), and bivariate plots (to
find non-identifiable parameters). For the availability and perceptibility aspects of the model, I
used Bayesian P-values generated from the posterior predictive distributions to assess goodnessof-fit, where a P-value near 0.5 indicates a fitting model (Gelman et al., 1996; Kéry, 2010).
After completing pre-analysis data screening for vegetation outliers, I removed the
William’s Road sub-unit due to the lack of post-management data. I also ran preliminary models
for each analysis level to determine if any [unit, year] combinations would cause obvious
convergence or fit issues as a result of small sample sizes. This screening process identified that
the management sub-unit Goose Pen and survey year 2016 would cause possible issues based on
poor convergence, I subsequently removed both from the analyses.
Based on the diagnostics, I removed poorly behaved parameters (i.e., vegetation
covariates) to refine each model until a well-fitted parsimonious model was identified. Doing so
allowed me to determine if the greatest effect of management on bird abundance given the data
could be identified within sub-units by year, within sub-units before and after management, or
before and after management across the landscape.

Results

Over the six-year period (2016-2021) 1,849 survey locations across five management
sub-units were sampled at NNWR. Due to observer error and the implementation of management
across the refuge, the number of survey locations sampled each year varied (Table 2.3). During
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the study 178 Brown-headed Nuthatch and 920 Prairie Warblers were detected; 86 Brownheaded Nuthatch were detected pre-management and 92 Brown-headed Nuthatch were detected
post-management, however sampling efforts pre- and post-management differed considerably
(Table 2.7);489 Prairie Warblers were detected pre-management and 431 Prairie Warblers were
detected post-management (Table 2.7).

Forest Structural Characteristics

To assess changes in forest structural characteristics before and after management, DFC
metrics measured at each survey location were averaged at the same three levels that I looked for
management effects on bird abundance ([unit, year], [unit, before/after], [before/after]; Figures
2.3–2.5). There was variation in the structural characteristics across years within each sub-unit,
likely due to effects of management on vegetation structure (Figure 2.3). Across all sub-units,
average pine basal area (ft2/acre; before: µ=81, SE= 2.68; after: µ=63, SE=3.05), hardwood basal
area (ft2/acre; before: µ=39, SE=2.42; after: µ=29, SE=2.37), and percentage of hardwood
midstory cover (before: µ=38.24, SE=1.65; after: µ=24.4, SE=1.84) decreased after
management, whereas percentage of hardwood overstory canopy cover (before: µ=8.61,
SE=0.694; after: µ=17.26, SE=1.54), pine midstory cover (before: µ=2.14, SE=0.404; after:
µ=8.36, SE=0.751), herbaceous groundcover (before: µ=21.61, SE=0.1.06; after: µ=36.45,
SE=1.06), and grass (before: µ=11.44, SE=0.757; after: µ=17.75, SE=1.03) increased following
the implementation of management (Figure 2.4). Forest structural characteristics including
percentage of pine overstory canopy cover, shrubs 0-3 ft, and shrubs 3-10 ft exhibited
inconsistent responses to management within sub-units (Figure 2.4), however the average of
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these characteristics changed before and after management across sub-units (Figure 2.5). Across
all sub-units, percentage of pine overstory canopy cover (before: µ=37.27, SE=0.489; after:
µ=36.31, SE=0.672) and shrubs 0-3 ft (before: µ=26.37, SE=0.393; after: µ=24.88, SE=0.571)
were lower following management whereas percentage of shrubs 3-10 ft (before: µ=17.89,
SE=0.511; after: µ=19.03, SE=0.730) was greater (Figure 2.5). Comparing [unit, before/after]
averages with Desired Forest Condition metrics (DFC metrics; Nordman et al., 2016) for the
Upper Coastal Plain Pine Flatwoods grouping (see Chapter I; Table 2.1) indicate forest structural
characteristics that have met ‘Excellent’ DFC metric standards following open pine management
including pine basal area, pine overstory canopy cover, pine midstory cover, and herbaceous
groundcover (Tables 2.1 & 2.8). This comparison also provides insight to characteristics that
failed to meet ‘Excellent’ standards thresholds such as hardwood basal area, hardwood midstory,
shrub 3-10 ft, shrub 0-3 ft, and grass (Tables 2.1 & 2.8) Dependent upon the management subunit, characteristics fall within ‘Good’ or ‘Fair’ standards.

Model Refinement

For both species, the [unit, year] and [unit, before/after] models did not pass convergence
or fit diagnostic tests. Poor convergence and fit suggested that there was not enough information
in the data to assess the effect of management on bird abundance at these levels. I do not report
any further results on these models or draw any inferences on the effects of management at the
[unit, year] or [unit, before/after] levels.
Several of the models at the [before/after] management level passed initial convergence
diagnostics for both species. However, some of the vegetation covariates (e.g., pine basal area,
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pine overstory, shrubs 3-10 ft, herbaceous groundcover) did not converge or were nonidentifiable. I removed these poorly behaved vegetation covariates and only consider the effects
of hardwood midstory. For both species, the hardwood midstory models reached convergence (R̂
<1.1), there was good mixing of the chains, approximate normality of the posteriors, and no nonidentifiable parameters. The Bayesian P-values ranged from 0.368-0.470 for availability (𝑃𝑎 ),
and 0.395-0.717 for perceptibility (𝑃𝑑 ) which suggest the model adequately fit the data (Table
2.9).
Perceptibility and Availability

There was little variation in the mean probability of perceptibility for each species within
sub-units across years (2017-2021), however the mean probability of perceptibility was different
for each species (Table 2.10; Figure A.1). The mean probability of perceptibility for Brownheaded Nuthatch within all sub-units per year was approximately 0.199 (95% CI: 0.176-0.228)
whereas the mean for Prairie Warbler within all sub-units per year was approximately 0.090
(95% CI: 0.086-0.094). The mean probability of availability was different for each species within
sub-units across years (Table 2.10; Figure A.2), with a general increase in availability for both
species from 2017-2020. However, there was a substantial decrease in the availability of Brownheaded Nuthatch in 2021 within all sub-units and a substantial decrease in the availability of
Prairie Warbler within Triplett’s Pasture in 2021 (Table 2.10; Figure A.2). There was only slight
evidence that survey start time affected perceptibility of the Brown-headed Nuthatch (β= -0.007,
95% CI: -0.072–0.057) and Prairie Warbler was not affected (β=0.014, 95% CI: -0.023–-0.052).
There was limited evidence that the availability of Brown-headed Nuthatch decreased with
increasing survey date (β= -0.750, 95% CI: -1.501–0.009), whereas the limited evidence
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suggested an increase in availability of Prairie Warbler with increasing survey date (β=0.355,
95% CI: -0.113-0.800).

Abundance Estimates

Brown-headed Nuthatch and Prairie Warbler abundance were both negatively associated
with hardwood midstory before and after management, both having a greater negative
association following the implementation of management (Table 2.11). Brown-headed Nuthatch
had a lower tolerance for hardwood midstory compared to Prairie Warbler, as Brown-headed
Nuthatch abundance per site was approximately zero when hardwood midstory cover was near
50% (Figures 2.6-2.7). The overall per site abundance of Prairie Warbler was greater across
years (2017–2021) and within management sub-units compared to Brown-headed Nuthatch,
however both species increased in abundance in all sub-units following the implementation of
management (Figure 2.8). Similarly, the density of birds per hectare increased following
management within sub-units, with a mean effect size in density of 13% for Brown-headed
Nuthatch and 5% increase in Prairie Warbler across management sub-units before and after
management (Tables 2.12-2.13). However, despite the notable differences in species abundance,
there was not a strong contrast in densities between species Tables 2.12-2.13; Figure 2.8).
Overall, the effects of management on forest structural characteristics within sub-units
did create some open pine forest structural conditions that aligned with ‘Excellent’ DFC metrics
standards. The effects of management on bird abundance were most evident before and after
management across landscape. Hardwood midstory cover had a negative effect on both Brownheaded Nuthatch and Prairie Warbler per site abundance, however the presence of hardwood
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midstory had a greater negative effect on Brown-headed Nuthatch. Furthermore, the removal of
hardwood midstory through the implementation of open pine management (i.e., thinning,
prescribed fire) increased the density of birds per hectare for both species.

Discussion

Changes induced by anthropogenic drivers have transformed open pine communities
causing a subsequent decline in endemic species closely associated with this system (Singleton et
al., 2013). These disturbance-dependent species now rely on management practices (i.e.,
thinning, prescribed fire, and herbicide application) replicating natural disturbance processes to
create forest structural conditions crucial to life-history strategies (McIntyre, 2012; Hannah et al.,
2017; Morris et al., 2020). While management regimes typically reduce the overstory canopy
cover, suppress midstory vegetation, and promote the regeneration of native herbaceous
groundcover, it is unclear whether management targets need to be refined as there is limited
research comparing DFC metrics to empirical data (McIntyre et al., 2019). While my research
does not analyze the entire suit of DFC metrics it does provide a novel approach to quantify
species-vegetation associations and assess effects of open pine management on priority bird
species abundance across years within management sub-units.
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Forest Structural Characteristics

Ecological succession is a pattern of changes in species composition and structure within
a community following disturbance (Cowles, 1901; Clements, 1916; Gleason, 1917; Hobbs et
al., 2007; Pickett et al., 2007). Considering succession, it is possible to see changes in the
average of some forest structural characteristics, particularly those measuring forest understory
(e.g., shrubs 0-3 ft, shrubs 3-10 ft) in the years following management (Horn, 1974). Due to the
combined effects of vegetative succession and periodic management to set back succession
within sub-units, I observed changes in the average of each vegetation variable across years
within each sub-unit before and after management (Figure 2.3). Interestingly, I also observed
variation in the average of characteristics measured in William’s Road, a sub-unit never managed
(Figure 2.3-2.4). This could be a result of vegetative succession in the absence of management,
and/or measurement error among observers each year. For example, average basal area of
overstory pine decreased in the three years (2019-2021) in the William’s Road sub-unit, despite
not being managed, suggesting variation in basal area measurement over time. However, this was
not an issue with measures of overstory hardwood basal area. On the contrary, the opposite
phenomenon was observed in measures of pine overstory canopy cover, which decreased,
whereas measures of hardwood overstory canopy cover increased. Despite such discrepancies,
there is evidence that management changed the mean of each characteristic within all sub-units
managed, particularly for forest understory measures (Table 2.8; Figure 2.3-2.5).
As specified in the HMP (U.S. Fish and Wildlife Service, 2015), open pine management
decreased average pine basal area (ft2/acre), hardwood basal area (ft2/acre), and percentage of
hardwood midstory cover, while increasing the percentage of herbaceous groundcover and grass
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overall (Figure 2.5). The percentage of hardwood overstory canopy cover and pine midstory
cover also increased following management, while percentage of pine overstory canopy cover,
shrubs 0-3 ft, and shrubs 3-10 ft had inconsistent responses to management within sub-units
(Figures 2.4-2.5). While these inconsistencies are likely due to measurement error and the partial
implementation of management, changes such as crown expansion cannot be ruled out (Tang et
al., 1999; Jack et al., 2015).
Comparing [unit, before/after] forest structural characteristic averages with DFC metrics
(Nordman et al., 2016) identifies characteristics that have met ‘Excellent’ standards following
open pine management, including pine basal area, pine overstory canopy cover, pine midstory
cover, and herbaceous groundcover (Tables 2.1 & 2.8; Figure 2.3). However, characteristics such
as hardwood basal area, hardwood midstory, shrub 3-10 ft, shrub 0-3 ft, and grass cover do not
meet or exceed these standards (Tables 2.1 & 2.8). Average measures of forest vegetation
structure may fail to meet “Excellent’ standards at the sub-unit level as a result of partial
management within the Bombing Range and Section Line sub-units. For example, hardwood
midstory cover, shrubs 0-3 ft, and shrubs 3-10 ft within sub-units Goose Pen and Triplett’s
Pasture were generally closer to ‘Excellent” standards compared to sub-units Bombing Range
and Section Line (Table 2.8), further comparisons should be made once full management has
been implemented. Alternatively, measurement error amoung observers could bias characteristic
averages and comparisons should be used with caution.

Perceptibility and Availability

The original Amundson et al. (2014) model is novel given its ability to account for
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heterogeneity in both components of detection probability. The model accounts for heterogeneity
in perceptibility by estimating the distance to each observation and modeling it as a function of
distance that decreases with increasing distance from the observer (Burnham et al., 2004; Simons
et al., 2009; Amundson et al., 2014). To account for heterogeneity in availability, subsets of the
survey period (e.g., minutes) are treated as independent replicates where birds are captured and
subsequently removed from the survey (Farnsworth et al., 2002). Incorporating covariates into
detection probability such as date and survey start time, facilities a less biased estimate of
abundance at the point level (Farnsworth et al., 2002; Nichols et al., 2009). Previous research
indicates detection probability declines as the time of day and season progresses, likely due to
temperature increases, and less frequent singing as the breeding season narrows (Robbins, 1981;
Chandler 1981; Alldredge et al., 2007; Amundson et al., 2014).
Brown-headed Nuthatch are a year-around resident at NNWR producing a relatively
quiet “squeaky” call or a rapid series of high-pitched vocalizations amid treetops (Withgott &
Smith, 1998; Hayes et al., 2004). Prairie Warbler are a neotropical migrant with a distinctive,
rising and accelerating call, however vocalizations of this species are sometimes similar to Field
Sparrow (Spizella pusilla) making them potentially difficult to detect (Nolan, 1978; Byers et al.,
2016). The perceptibility of each species remained similar across years within sub-units,
however Brown-headed Nuthatch had a higher probability of detection compared to that of
Prairie Warbler (Table 2.10; Figure A.1). While Prairie Warbler detection was not influenced by
survey start time, it is likely that differences in calls may have influenced observers’ abilities to
effectively detect this species (Byers et al., 2016). If models converge, accounting for observers
in perceptibility estimates is recommended to better characterize detectability of this species
(Alldredge et al., 2007). The availability of species generally increased across years within sub33

units, with a decline in the availability in 2021, particularly for Brown-headed Nuthatch (Table
2.10; Figure A.2). Whereas Prairie Warbler availability for detection was positively influenced
by survey date, Brown-headed Nuthatch availability decreased likely contributing to the
differences in availability between years. The general increase in availability from 2017-2020
may be a result of management across the landscape providing more habitat for each species
(Connor et al., 2002), whereas the decrease in 2021 may be a result of unknown factors
influencing population dynamics or differences in breeding strategies. Variation or lack thereof
in the perceptibility and availability of each species per year within sub-units, could also be a
function of model parameterization and should be explored further.

Abundance Estimates

Given potential limited information in the data and/or model complexity, I only modeled
the effect of hardwood midstory cover on bird abundance for both species, it is the only forest
structural characteristic that can be used to confirm or refine current DFC metrics. Using expertsolicitation and a literature-guided process, Nordman et al., (2016) reports hardwood midstory at
<20% for ‘Excellent’ DFC metrics standards (Table 2.1). Within the managed sub-units, average
percent of hardwood midstory cover generally falls within ‘Good’ standards for DFC metrics
(Tables 2.1 & 2.8). Predicted abundance estimates for Brown-headed Nuthatch and Prairie
Warbler were negatively associated with hardwood midstory cover but the presence of hardwood
midstory had a greater negative effect on Brown-headed Nuthatch (Figures 2.6-2.7). Whereas the
predicted abundance for each species declines with the presence of hardwood midstory, DFC
metrics are not specific to Brown-headed Nuthatch or Prairie Warbler (Nordman et al., 2016).
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Species such as the Bachman’s Sparrow may benefit from sparse patches of hardwood midstory
for territory defense and nesting opportunities (Haggerty, 1998; Winiarski et al., 2017).
Considering the suite of priority species that fall within the Upper Coastal Plain Pine Flatwoods
grouping, existing recommendations for hardwood midstory fit well with predicted abundance
estimates for Brown-headed Nuthatch and Prairie Warbler (Figure 2.6-2.7), which coincides with
previous research (McIntyre et al., 2019). However, additional priority species should be
modeled against hardwood midstory cover before metrics are confirmed or adjusted.
Overall, the implementation of management across NNWR reduced pine and hardwood
basal area, removed hardwood midstory cover, and increased herbaceous ground cover (Table
2.8; Figures 2.3-2.5), subsequently influencing the total number of Brown-headed Nuthatch and
Prairie Warbler per survey location after management (Tables 2.12-2.13; Figure 2.8). While
density of birds per hectare varies yearly, densities within each sub-unit are greater following the
implementation of management, with an average percent increase of 13% for Brown-headed
Nuthatch and 5% increase in Prairie Warbler across management sub-units before and after
management (Tables 2.12-2.13). Variation in abundance and density across years within subunits is likely an artifact of observer error, particularly in the years prior to management. Despite
low perceptibility for Prairie Warbler, densities across years within sub-units fit well within
density ranges (0.08-0.82 birds per hectare) from previous studies within the East Gulf Coastal
Plain region (Greene et al., 2021). Similarly, densities of Brown-headed Nuthatch also fit within
known density ranges (0.3-0.6 birds per hectare) of managed pine forest within the Southeast
(Cox & Slater, 2007; Cox et al., 2012), although limited information exists in the peer-reviewed
literature.
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Model Limitations/Caveats

Model complexity is the primary limitation of this framework, with limited power to
parse the differences in small counts within management sub-units and years. This limitation
may have hindered my ability to assess the effects of management on bird abundance at [unit,
year] and [unit, before/after] levels. Moreover, these effects potentially caused spurious covariate
relationships subsequently limiting the number of vegetation covariates in the abundance
estimate regression (Buckland et al., 2001; Amundson et al., 2014). Across the six years, 12
observers collected data and differences in observer abilities were not accounted for, which could
bias abundance estimates (Thompson, 2002; Kéry & Schmid, 2004). However, the addition of
observer as a factor to the nuisance parameter sub model (p) would further reduce precision of
abundance estimates and power to detect differences and relationships. Furthermore, with
unbalanced sampling and the staggered implementation of management across years, it may be
more efficient to use a less complicated modeling framework. Future modeling would benefit
from modifying field protocols to reduce model covariates required to account for potential
detection biases. Additionally, equal sampling efforts before and after management may mitigate
issues with convergence and non-identifiability.

Management Implications

This extension of the Amundson et al., (2014) model provides a novel framework that
can test for the effects of management-induced changes before and after management, while
providing insight on detection probability and reducing bias in abundance estimates. By
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providing site and year specific density estimates, land managers can track changes influenced
by management practices and can examine relevant covariates that may be associated with
abundance and detection probability. Moreover, this model can be applied to any species with an
adequate sample size, allowing managers to assess potential impacts of management on different
groups of priority species. Model results can be used to refine and/or confirm management
targets, aiding in the creation of management and conservation recommendations.
Results from models provide support for existing evidence on species-habitat associations
and densities of Brown-headed Nuthatch and Prairie Warbler (McIntyre et al., 2019; Green et al.,
2021). Given the increase in Brown-headed Nuthatch and Prairie Warbler abundance after
management, it seems to indicate a positive response to the expansion of Red-cockaded
Woodpecker management through pine management sub-units at NNWR. However, additional
eastern-shrub-scrub and upland hardwood and mixed-pine hardwood priority bird species should
be modeled to fully understand changes in bird community composition in response to
management. Additional species models would also help confirm or refine DFC metrics used to
guide open pine management throughout the Southeast.
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Tables
Table 2.1

Desired Forest Condition metrics intended to support sustainable wildlife
populations within Upper Coastal Plain Pine Flatwoods grouping (Nordman et al.,
2016).

Upper Coastal Plain Pine Flatwoods
Canopy Metrics
Excellent
Canopy Southern
30-80 ft2/acre
Yellow Pine Basal
basal area
Area
Southern Yellow
>25 to 70%
Pine Canopy
canopy
Cover
cover
Southern Yellow
Pine Canopy
Southern Yellow
Pine Stand Age
Canopy Hardwood
Basal Area
Stand Density Index

BA ≥20
ft2/acre pine
trees ≥14”
DBH class
<20 ft2/acre
BA of
hardwood trees
SDI = 55 – 145
(12 - 32% of
Maximum SDI
of 450)

Midstory/Shrub Metrics
Midstory Fire
<10% cover of
Tolerant Hardwood
midstory fire
Cover
tolerant
hardwoods

Good
20 to 80 to 90
ft2/acre basal
area
>15 to 25%
canopy cover or
>70 to 80%
canopy cover
BA ≥10 ft2/acre
pine trees ≥14”
DBH class
>20 to 30
ft2/acre BA of
hardwood trees
SDI = 35 – 55
or 145 - 180 (812% or 32- 40%
of Maximum
SDI of 450)

10 to 20% cover
of
midstory fire
tolerant
hardwoods
20-30% cover of
woody midstory

Midstory Overall
Cover

<20% cover of
woody
midstory

Short Shrub Cover
(<3 ft tall)

Short shrubs
<20% cover

Short shrubs
20 to 30% cover

Tall Shrub Cover
(0-3 ft tall)

Tall shrubs
<15% cover

Tall shrubs
15 - 20% cover
38

Fair
10 to 90 to 110
ft2/acre basal
area
10-15%
canopy cover
or >80 to 90%
canopy cover
Loblolly trees
≥14” DBH
class are
present, but
>30 to 50
ft2/acre BA of
hardwood trees
SDI = 20 – 35
or 180 - 225
(4-8% or 4050% of
maximum SDI
of 450)

Poor
110 ft2/acre
basal area

>20 to 35%
cover of
midstory fire
tolerant
hardwoods
>30 to 50%
cover of
woody
midstory
Short shrubs
>30 to 45%
cover
Tall shrubs
>20 to 30%
cover

>35% cover of
midstory fire
tolerant
hardwoods

90% cover

No pine trees
≥14” DBH are
present
>50 ft2/acre BA
of hardwood
trees
SDI 225 (50%,
270 is 60% of
Maximum SD
of 450)

>50% cover of
woody
midstory
Short shrubs
>45% cover
Tall shrubs
>30% cover

Table 2.1 (Continued)
Ground Layer Metrics
Overall Native
Herbaceous
Groundcover
Native Warm Season
Grasses
Invasive Plant
Presence

Table 2.2

35-80%
herbaceous
cover
>25% foliar
cover
Absent
or cover is very
low
(<1% cover)

<35% or >80%
herbaceous
cover
20-25% foliar
cover
Stratum present
but
sporadic (1-5 %
cover)

<10%
herbaceous
cover
<10% foliar
cover
Stratum
common
(>10%
cover)

Years surveyed and management status (2016-2021) of pine management sub-units
within Sam D. Hamilton Noxubee National Wildlife Refuge (Figure 2.1).

2016

2017

2018

Triplett’s
Pasture

Triplett’s
Pasture

Triplett’s
Pasture

(Pre-treatment)

(Pre-treatment)

(Pre-treatment)

Goose Pen

*Management Goose Pen
Implemented* (Post-treatment)

(Pre-treatment)

<20%
herbaceous
cover
10 to <20%
foliar
Uncommon
(5-10% cover)

2019

2020

2021

*Management Triplett’s
Implemented* Pasture

Triplett’s
Pasture

(Post-treatment)

(Post-treatment)

Not surveyed
Goose Pen

Goose Pen

Goose Pen

(Post-treatment)

(Post-treatment)

(Post-treatment)

Bombing
Range

Bombing
Range

(Pre-treatment)

(Pre-treatment)

*Partial
Management
Implemented*
Bombing
Range

*Partial
Management
Implemented*
Bombing
Range

(Pre-treatment)

(Post-treatment)

Section Line

Section Line

(Pre-treatment)

(Pre-treatment)

*Partial
Management
Implemented*
Section Line

*Partial
Management
Implemented*
Section Line

Not surveyed
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(Pre-treatment)

(Post-treatment)

William’s
Road

William’s
Road

William’s
Road

(Pre-treatment)

(Pre-treatment)

(Pre-treatment)

Table 2.3

Number of survey locations within each pine management sub-unit at Sam D.
Hamilton Noxubee National Wildlife Refuge and number of locations surveyed
each year (Figure 2.1).

Pine
Mangement
Sub-Unit

Number Locations Locations Locations Locations Locations Locations
of Survey Surveyed Surveyed Surveyed Surveyed Surveyed Surveyed
Locations
2016
2017
2018
2019
2020
2021

Bombing
Range
Goose Pen
Section
Line
Triplett’s
Pasture
William’s
Road

Table 2.4

100

-

53

100

100

100

100

47
100

45
-

-

47
100

47
99

47
99

47
100

104

102

58

104

-

104

103

99

-

-

-

96

99

99

Description of vegetation structural characteristics to be measured at each survey
location.

Forest Structural Characteristics
Canopy Metrics
Basal area for pine trees < 14”
Basal area for pine trees > 14”
Basal area for hardwood trees
Overstory
Midstory/shrub Metrics
Midstory
Shrubs 3-10’
Shrubs <3’

Description
Number of pine trees with a basal area less
than 14” DBH
Number of pine trees with a basal area greater
than 14” DBH
Basal area of all hardwood trees
Percent cover of pine and hardwood overstory
(collected separately)
Percent cover of pine and hardwood midstory
(collected separately)
Percent cover of shrubs <10’
Percent cover of woody plants, vines, shrubs
<3’

Ground Layer Metrics
Total Herbaceous Cover
Percent cover of forbs and grasses
Grasses
Percent cover of grasses only
Description of forest structural characteristics measured at each survey point at Sam D. Hamilton
Noxubee National Wildlife Refuge to facilitate the analysis of species-level habitat associations
based on Desired Forest Condition metrics for Upper Coastal Plain Pine Flatwoods grouping
(Nordman et al., 2016).
40

Table 2.5

Model parameterization used to test for management effects at NNWR at different
levels over the landscape.

Model parameterization used to test for management effects within Sam D. Hamilton Noxubee
National Wildlife Refuge at different levels over the landscape. Models are described by the
estimated priors/hyperpriors given to each covariate. Indexing identifies covariates that are
estimated for each [unit, calendar year], [unit, before/after management], and [before/after
management] combination for a given management effect level.
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Table 2.6

Candidate models for each priority species assessed at each level based on prior
knowledge of species-habitat associations.

Species
Brown-headed Nuthatch
Prairie Warbler

Table 2.7

Model
Expected Abundance + Pine Basal Area + Pine Overstory
+ Hardwood Midstory + Herbaceous Groundcover
Expected Abundance + Pine Basal Area + Hardwood
Midstory + + Shrub 3-10 ft + Herbaceous Groundcover

Brown-headed Nuthatch (BHNU) and Prairie Warbler (PRAW) detections within
each management sub-unit at NNWR (2016-2021).

Species and Sub2016
2017
2018
2019
2020
2021
Unit
BHNU;
2
5
4
12
4
Bombing Range
BHNU;
0
3
6
10
11
Goose Pen
BHNU;
12
4
11
7
Section Line
BHNU;
17
6
5
36
15
Triplett’s Pasture
BHNU;
1
5
2
William’s Road
PRAW;
4
9
37
74
23
Bombing Range
PRAW;
14
50
44
45
68
Goose Pen
PRAW;
9
14
83
15
Section Line
PRAW;
88
22
70
83
103
Triplett’s Pasture
PRAW;
16
13
36
William’s Road
Brown-headed Nuthatch (BHNU) and Prairie Warbler (PRAW) detections within each
management sub-unit at Sam D. Hamilton Noxubee National Wildlife Refuge (2016-2021).
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Table 2.8

Average forest structural characteristics before and after management within subunits at NNWR compared to DFC metrics.

Forest Structural
Characteristic
Pine Basal Area

Hardwood Basal Area

Pine Overstory

Hardwood Overstory

Pine Midstory

Hardwood Midstory

Shrubs 3-10 ft

Shrubs 0-3 ft

Herbaceous
Ground Cover

Grass

Management
Sub-Unit
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture
Bombing Range
Goose Pen
Section Line
Triplett's Pasture

Average Before
76 ft2/acre
92 ft2/acre
74 ft2/acre
74 ft2/acre
43 ft2/acre
38 ft2/acre
46 ft2/acre
33 ft2/acre
37.6%
34.5%
36.4%
32.1%
37.6%
34.4%
36.4%
32.1%
2.3%
1.0%
2.7%
1.2%
37.3%
48.2%
36.5%
34.1%
20.3%
28.7%
13.7%
23.7%
26.7%
37.5%
27.3%
22.3%
24.4%
8.3%
23.3%
21.9%
15.6%
6.2%
13.4%
9.2%

Average
After
56 ft2/acre
73 ft2/acre
61 ft2/acre
63 ft2/acre
32 ft2/acre
17 ft2/acre
42 ft2/acre
26 ft2/acre
31.4%
41.2%
33.2%
35.5%
31.4%
41.2%
33.2%
35.5%
3.0%
1.1%
3.7%
2.8%
30.5%
15.7%
30.3%
21.0%
28.9%
13.1%
21.4%
18.7%
35.5%
18.8%
32.7%
21.7%
34.8%
35.0%
33.0%
42.7%
10.2%
14.5%
10.1%
21.1%

‘Excellent’ DFC
Metrics
30-80 ft2/acre

<20 ft2/acre

25-70%

NA

<20%

<20%

<15%

<20%

35-80%

>25%

Average forest structural characteristics before and after management within sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge compared to Desired Forest Condition metrics for
the Upper Coastal Plain Pine Flatwoods grouping (Table 2.1; Nordman et al., 2016).
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Table 2.9

Model fit for each component of detection probability- availability (𝑃𝑎 ) and
perceptibility (𝑃𝑑 ), assessed with Bayesian P-values for both priority species.
Species

Brown-headed Nuthatch
Prairie Warbler

Table 2.10

Species

Management Sub-Unit

Section Line

Triplett's Pasture

Bombing Range

PRAW

𝑃𝑑
(After)

𝑃𝑎
(Before)

𝑃𝑎
(After)

0.465
0.395

0.493
0.717

0.368
0.458

0.470
0.452

Mean probability of perceptibility and availability with 95% CI for Brown-headed
Nuthatch (BHNU) and Prairie Warbler (PRAW) within three sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge (2017-2021).

Bombing Range

BHNU

Mean Bayesian P-Values
𝑃𝑑
(Before)

Section Line

Triplett's Pasture

Perceptibility and Availability
𝑃𝑑
Year
LCL
UCL
2017
0.199
0.175
0.227
2018
0.198
0.174
0.229
2019
0.199
0.177
0.227
2020
0.200
0.176
0.229
2021
0.199
0.176
0.227
2017
2018
0.198
0.176
0.227
2019
0.199
0.177
0.207
2020
0.199
0.177
0.228
2021
0.199
0.177
0.227
2017
0.200
0.177
0.227
2018
0.198
0.176
0.226
2019
2020
0.199
0.177
0.228
2021
0.199
0.177
0.227
2017
0.089
0.086
0.093
2018
0.090
0.086
0.094
2019
0.090
0.086
0.094
2020
0.089
0.085
0.093
2021
0.089
0.086
0.093
2017
2018
0.089
0.086
0.093
2019
0.090
0.086
0.094
2020
0.089
0.086
0.093
2021
0.089
0.086
0.093
2017
0.090
0.086
0.094
2018
0.090
0.086
0.094
2019
2020
0.089
0.086
0.093
2021
0.089
0.086
0.09
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𝑃𝑎
0.359
0.495
0.645
0.780
0.378
0.497
0.647
0.782
0.381
0.359
0.491
0.871
0.385
0.417
0.585
0.754
0.893
0.924
0.586
0.757
0.890
0.924
0.417
0.580
0.921
0.924

LCL
0.156
0.261
0.349
0.419
0.214
0.262
0.350
0.421
0.216
0.156
0.258
0.711
0.221
0.277
0.467
0.675
0.837
0.828
0.468
0.678
0.839
0.829
0.277
0.460
0.848
0.830

UCL
0.657
0.751
0.872
0.974
0.596
0.752
0.874
0.975
0.599
0.658
0.747
0.963
0.603
0.597
0.716
0.828
0.935
0.972
0.717
0.830
0.936
0.972
0.597
0.713
0.9687
0.971

Table 2.11

Species association with hardwood midstory and 95% credible intervals before and
after management within three management sub-units at Sam D. Hamilton
Noxubee National Wildlife Refuge (2017-2021).

Species
Brown-headed
Nuthatch
Prairie Warbler

Table 2.12

Hardwood Midstory Vegetation Covariate
Before

95% CI

After

95% CI

-0.248

(-0.541, 0.025)

-0.913

(-1.25, -0.47)

0.316

(0.041, 1.93)

-0.567

(0.039, 1.93)

Densities of Brown-headed Nuthatch (BHNU) and Prairie Warbler (PRAW) per
hectare within each management sub-unit at Sam D. Hamilton Noxubee National
Wildlife Refuge (2017-2021).
Density of Birds per Hectare

Species

Management Sub-Unit

Bombing Range

BHNU

Section Line

Triplett's Pasture

Bombing Range

PRAW

Section Line

Triplett's Pasture

Year

Mean

LCL

UCL

SD

2017
2018
2019
2020
2021
2017
2018
2019
2020
2021
2017
2018
2019
2020
2021
2017
2018
2019
2020
2021
2017
2018
2019
2020
2021
2017
2018
2019
2020
2021

0.236
0.256
0.218
0.223
0.358
0.281
0.206
0.233
0.347
0.261
0.238
0.512
0.471
0.295
0.322
0.292
0.289
0.339
0.326
0.264
0.31
0.33
0.314
0.327
0.424
0.426

0.126
0.149
0.124
0.140
0.226
0.171
0.118
0.144
0.222
0.153
0.137
0.361
0.309
0.243
0.266
0.248
0.248
0.292
0.271
0.222
0.268
0.283
0.260
0.279
0.367
0.371

0.408
0.432
0.375
0.372
0.537
0.461
0.356
0.389
0.518
0.428
0.397
0.719
0.686
0.352
0.382
0.341
0.333
0.391
0.391
0.309
0.357
0.381
0.372
0.381
0.487
0.487

0.071
0.073
0.061
0.059
0.060
0.075
0.063
0.062
0.076
0.071
0.067
0.097
0.081
0.028
0.029
0.022
0.021
0.024
0.031
0.023
0.023
0.024
0.028
0.022
0.030
0.029
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Number of
Detections
2
5
4
12
4
12
4
11
7
6
5
36
15
4
9
37
74
23
9
14
83
15
22
70
83
103

Table 2.13

Species
BHNU
PRAW

Effect size for mean difference in density for Brown-headed Nuthatch (BHNU)
and Prairie Warbler (PRAW) before and after management (2017-2021) within
three sub-units at Sam D. Hamilton Noxubee National Wildlife Refuge.
Density Effect Sizes
Management Unit
Bombing Range
Section Line
Triplett’s Pasture
Bombing Range
Section Line
Triplett’s Pasture
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Effect Size
0.121
0.062
0.207
0.044
0.003
0.112

Figures

Figure 2.1
1

Breeding bird and forest vegetation survey locations within five pine management
sub-units at Sam D. Hamilton Noxubee National Wildlife Refuge (2016-2021).

Surveyed points sampled in the Quail Forever management sub-unit in 2016 were later replaced
with points in the Section Line unit in 2018.
2
Williams Road was introduced to the management plan as a new monitoring unit in 2019.
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Figure 2.2

Vegetation subplot sampling layout at each survey location within pine
management sub-unit at Sam D. Hamilton Noxubee National Wildlife Refuge.

One subplot at the center (5m north of survey point tree), and in each cardinal direction 25 m
from the center subplot.
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Figure 2.3

Average forest structural characteristics within each management sub-unit per year
(2016-2021) at Sam D. Hamilton Noxubee National Wildlife Refuge.

Williams Road sub-unit had not undergone management as of 2021. Desired Forest Condition
metric for hardwood overstory canopy cover does not exist. Gray shaded areas indicate the range
of values identified in Desired Forest Condition metrics for the Upper Coastal Plain Pine
Flatwoods grouping (Nordman et al., 2016).
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Figure 2.4

Average forest structural characteristics within each management sub-unit before
and after management at Sam D. Hamilton Noxubee National Wildlife Refuge
(2016-2021).

Desired Forest Condition metric for hardwood overstory canopy cover does not exist. Gray
shaded areas indicate the range of values identified in Desired Forest Condition metrics for the
Upper Coastal Plain Pine Flatwoods grouping (Nordman et al., 2016).
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Figure 2.5

Average forest structural characteristics before and after management across all
management sub-units at Sam D. Hamilton Noxubee National Wildlife Refuge
(2016-2021).

Desired Forest Condition metric for hardwood overstory canopy cover does not exist. Gray
shaded areas indicate the range of values identified in Desired Forest Condition metrics for the
Upper Coastal Plain Pine Flatwoods grouping (Nordman et al., 2016).
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Figure 2.6

The predicted abundance per site for Brown-headed Nuthatch (BHNU) in relation
to average hardwood midstory within three management sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge (2017-2021).

Dotted lines are 95% Confidence Intervals. Predictions were generated using 500 random
samples of the posterior distribution of the beta hardwood midstory covariate.

52

Figure 2.7

Total predicted abundance per site for Prairie Warbler (PRAW) in relation to
average hardwood midstory within three management sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge (2017-2021).

Dotted lines are 95% Confidence Intervals. Predictions were generated using 500 random
samples of the posterior distribution of the beta hardwood midstory covariate.
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Figure 2.8

Brown-headed Nuthatch (BHNU; left panel) and Prairie Warbler (PRAW; right
panel) abundance (top) and densities (bottom) of birds per hectare within
management sub-unit Bombing Range, Section Line, and Triplett’s Pasture at Sam
D. Hamilton Noxubee National Wildlife Refuge (2017-2021).
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CHAPTER III
HOME RANGE ESTABLISHMENT AND MICROHABITAT SELECTION
OF BACHMAN’S SPARROWS IN MANAGED PINE FORESTS

Introduction

The North American Coastal Plain region within the southeastern United States is a
physiographic region rich with species diversity, which can be historically attributed to frequent
disturbance intervals that shaped and maintained the landscape over centuries (Peet & Allard,
1993; Frost, 1993). As such, many species of flora and fauna have adapted to natural disturbance
regimes (e.g., fire and windthrow), which, in southeastern pine systems, created stands composed
of mature pine (Pinus spp.), with open midstories, and an abundance of native herbaceous
groundcover (Engstrom, 1993). However, landscape change following European settlement
combined with large scale fire suppression, have caused southern open pine forests to be among
the most imperiled systems in the United States (Croker, 1979; Frost, 1993; Noss et al., 1995;
Allen et al., 2006). Consequently, populations of avian species that have adapted to open pine
forests have exhibited steep declines over the last 50+ years (Sauer et al., 2017), as life history
strategies associated with disturbance have been disrupted (Schlossberg et al., 2010).
Among the species closely associated with southern open pine forests, the Bachman’s
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Sparrow (Peucaea aestivalis) is particularly dependent upon disturbance-generated groundcover
created by frequent fire return intervals (Seaman & Krementz, 2001; Provencher et al., 2002;
Jones et al., 2014). Bachman’s Sparrows forage and nest exclusively on the forest floor, and
therefore require dense herbaceous groundcover comprised of grasses and forbs (Haggerty,
1998). Given such reliance on groundcover, Bachman’s Sparrows typically do not occupy pine
forests where fire has been excluded >3 years (Haggerty, 1998; Jones et al., 2014). During the
breeding season, male Bachman’s Sparrows spend an extended amount of time singing from
trees and shrubs to attract mates and defend territories (Meanley, 1959; Dunning & Watts, 1990).
Fire regimes are essential in maintaining low-density forests, as prescribed fire temporarily
removes dense hardwood shrubs, and promotes the regeneration of native herbaceous
groundcover suitable for nesting, food resource enhancement, and concealment from predators
(Jones et al., 2014). Frequent disturbance intervals also provide male sparrows with additional
singing perches (e.g., dead branches, brush piles, stumps), which are vital in mate acquisition and
territory defense (Haggerty, 2000; Tucker at el., 2004).
Disturbance within open pine forests is essential to the conservation of several other
priority bird species, such as the federally endangered Red-cockaded Woodpecker (Dryobates
borealis). Red-cocked Woodpeckers prefer low-density, older age-class pine stands with an open
midstory, and, thus, are often the target of open pine forest management (Hovis & Labisky,
1985; Conner & O’Halloran, 1987; Liu et al., 1995; Plentovich et al., 1998). Management
strategies (e.g., thinning, herbicide, prescribed fire) for Red-cockaded Woodpeckers can produce
vegetation characteristics that co-benefit other disturbance-dependent species, such as
Bachman’s Sparrows (Dunning & Watts, 1990; Krusac et al., 1995, Liu et al., 1995). However,
this varies to some degree, depending upon the type and timing of management implemented.
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For example, though not preferred, Red-cockaded Woodpeckers can persist in areas with a
denser hardwood midstory until it reaches cavity height (Plentovich et al., 1998). In the absence
of prescribed fire, large-scale midstory removal does prevent hardwood midstory encroachment
on Red-cockaded Woodpecker cavities, but it does not reestablish herbaceous groundcover
associated with Bachman’s Sparrows (Platt et al., 1998).
Though fire is a well-documented critical driving factor of Bachman’s Sparrow habitat
selection across their range, early successional ground story characteristics created by fire
disturbance are ephemeral in nature (Engstrom et al., 1984; Dunning & Watts, 1990; Haggerty,
1998). Studies show sparrows will abandon a habitat patch in as little as three years post-fire,
after succession causes habitat quality to decline (Engstrom et al., 1984; Dunning, 1993; Tucker
et al., 2004; Jones, 2008). Alternatively, it has also been shown that Bachman’s Sparrows will
abandon habitat patches when prescribed fire temporarily removes ground-cover vegetation
(Seaman & Krementz, 2001, Jones & Cox, 2007). This narrow timeframe of habitat suitability
raises questions about the perceived visual cues created by vegetation structural characteristics
and how these characteristics influence multi-scale habitat selection (e.g., second- and thirdorder habitat selection; Johnson, 1980). Little is known about the range of characteristics that
trigger individuals to move into an area and establish a home range (i.e., second-order habitat
selection; Johnson, 1980) once it is disturbed, or alternatively emigrate from the area when it is
no longer suitable. Once an individual has established a home range within a recently disturbed
area, it is known that Bachman’s Sparrows prefer open pine forests with <50% overstory canopy
cover, limited midstory cover (<40%), and dense ground cover (>60%) dominated by native
grass (Dunning & Watts, 1990; Seaman & Krementz, 2001; Cox & Jones, 2007). However,
questions remain regarding the influence of vegetation structure (i.e., available perching options,
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vegetation density, leaf litter, bare ground) on microhabitat selection (i.e., third-order habitat
selection; Johnson, 1980), in managed pine forests; though the potential geographic range for
this species (i.e., first-order selection; Johnson, 1980) has been well established (Brooks, 1938;
Haggerty, 2000; Taillie et al., 2015).
Given that Bachman’s Sparrows disproportionately select for post-disturbed vegetation,
there was a unique opportunity to address multi-scale (i.e., second- and third-order) habitat
selection questions following staggered implementation of management practices within my
study sites. As such, the objective of my study was to identify habitat characteristics associated
with home range establishment (i.e., second-order habitat selection; Johnson, 1980) and
microhabitat selection (i.e., third-order habitat selection; Johnson, 1980) of marked and resighted
Bachman’s Sparrows. I hypothesized that home range establishment of Bachman’s Sparrows
would be determined by time since disturbance, percent and type of tree canopy cover, slope, and
distance to roadways. I predicted that home range establishment would be likely in recently
disturbed upland areas (<3 years), with an open pine canopy. I also predicted that home ranges
would be closer to roadsides which further open the pine canopy. Moreover, I hypothesized that
microhabitat selection of Bachman’s Sparrows would be determined by the percent of nesting
cover (i.e., grass, herbaceous groundcover), foraging opportunities (influenced by leaf litter), and
by the amount of available perching options throughout an individual’s home range. Based on
this hypothesis, Bachman’s Sparrows would select areas with a higher percentage of herbaceous
ground cover for predator avoidance and increased foraging and nesting opportunities.
Additionally, within their home range, Bachman’s Sparrows would select areas with a greater
number of available perching options (i.e., dead branches, fallen trees, brush piles) to attract
mates and for territory defense. A better understanding of habitat characteristics that cue
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Bachman’s Sparrows to establish a home range, in addition to resource use within a home range,
is critical in guiding conservation and management efforts for this declining open pine forest bird
species.
Study Area

The Eastern Gulf Coastal Plain (EGCP) region is comprised of over 62 million acres that
encompasses portions of five states (Georgia, Florida, Alabama, Mississippi, and Louisiana).
Broadly, within the EGCP, uplands are fire-maintained systems dominated by mature longleaf
and slash pine (Pinus palustris, Pinus elliottii, respectively) in the south, and mixed loblolly pine
(Pinus taeda) forests in the north. Mixed forests typically, contain hardwoods in damper areas
and bottomland hardwood forests in extensive lowland drainages (Noss et al., 1995; U.S. Fish &
Wildlife Service, 2015). Within the EGCP, biological diversity has been altered from historic
conditions and has resulted in the degradation of species composition that once supported diverse
communities (Croker, 1987; Van Lear et al., 2005). Forest structure and quality within these
systems are influenced by site conditions, disturbance (e.g., fire), as well as past land
management practices (Outcalt & Sheffield, 1996).
Within the EGCP region, the Sam D. Hamilton Noxubee National Wildlife Refuge
(NNWR) is located in three counties (Winston, Oktibbeha, Noxubee) of eastern Mississippi
(Figure 3.1). NNWR is managed to provide habitat for trust resource species, including extant
populations of Red-cocked Woodpeckers in areas managed for open pine conditions, and
bottomland systems that support waterfowl and other at-risk waterbird species (U.S. Fish &
Wildlife Service, 2015). In 2015, NNWR revised their Habitat Management Plan (HMP) which
partitioned the refuge into 18 management units (see Chapter II for details on management
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areas), with boundaries reflecting historic forest types (upland hardwood, mixed pine,
bottomland hardwoods, cypress swamp). Within the 18 management areas, five management
sub-units (Figure 3.1) were created and identified as having potential to provide expanded habitat
for Red-cockaded Woodpeckers and other declining forest bird species. Since 2016, staggered
occurrence of management practices (primarily forest thinning followed by rotational fire and
herbicide) have been implemented within these sub-units creating a dynamic mosaic of
vegetation structure and composition across the refuge. This management regime not only
provided habitat conditions for Bachman’s Sparrows within parts of management sub-units, but
also an opportunity to assess habitat selection of individuals as vegetation structure and
composition changes over time.

Methods

Capture, Banding, Resighting

I captured Bachman’s Sparrows within 1 km of management sub-units during the
breeding season (April-June) of 2020 and 2021 (Figures 3.2-3.3). Capture locations were chosen
based on results of gridded breeding season point count surveys (2016-2019) within pine
management sub-units at NNWR, which identified known locations of Bachman’s Sparrows
each year. The capture of Bachman’s Sparrows began 1 April at the beginning of their breeding
season and concluded on 1 June when males become less responsive to audio playback (Jones &
Cox, 2007). I captured birds using a mist net (9 m long with a 38 mm mesh, Avinet®, NY, USA)
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and audio playback of male conspecifics to attract and target capture individuals (per Jones &
Cox, 2007). Once captured, each sparrow was fitted with one federal USGS aluminum band and
three colored darvic leg bands (Avinet®, NY, USA). Sex was confirmed by the presence of a
brood patch or cloacal protuberance, behavioral observations, and wing and tail measurements
(Pyle, 1997). All capture and handling of Bachman’s Sparrows was conducted per approved
IACUC protocols (protocol 17-249) under appropriate banding permits (Federal Banding Permit
number 23835).
I resighted marked individuals once weekly starting from date of capture through August
(i.e., the end of the breeding season) of each year. The starting point for each resight survey
began at the location where each marked individual was captured, from that location I slowly
walked 150 m in each cardinal direction (with the first cardinal direction being chosen
randomly), to determine the location of the individual. The average home range size for
Bachman’s Sparrow has a 150 m radius, thus the minimum distance walked in each direction
(Cox & Jones, 2009). I recorded color bands and behavioral observations non-invasively using
binoculars or a spotting scope and recorded the exact location of marked individuals in Avenza
Maps® using a compass and a range finder to minimize the impact of observer disturbance to the
individual. If the individual was not located during the initial resight survey, additional surveys
were walked daily for the remainder of that survey week. When an individual moved a
significant distance from the capture location, a new starting location was determined based on
previous resight locations. In accordance with Cox & Jones (2010), observers conducted
additional audio playback surveys once per month in suitable habitat up to 1 km outside of the
management sub-unit to locate any dispersed individuals. To understand how home range areas
differed between years, resight efforts for individuals captured in the 2020 field season started 15
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March of 2021 and continued through 15 June 2021. Weekly audio playback surveys were
conducted (as described above) in suitable habitat up to 2 km outside of individual home ranges
from the previous year. To ensure all areas with suitable habitat were surveyed, observers walked
100 m transects in all recently burned areas <3 years across NNWR.

Using Landcover Data to Identify Home Range Establishment

To assess home range establishment (second-order habitat selection) across NNWR, I
obtained 2019 30-meter resolution land-use/landcover information for NNWR using MultiResolution Land Characteristics Consortium’s National Landcover Database (NLCD; Dewitz,
2019). I first reclassified NLCD data into a binary evergreen forest class layer and then ran a 5x5
moving window analysis to produce a percent estimate of evergreen cover within each pixel
across the refuge. Choice of moving window size was determined by visually assessing the
landcover layer in various window filters ranging from fine to coarse filters (3x3, 5x5, 9x9). To
assess the influence of canopy cover, I used the 2019 NLCD percent tree canopy cover layer,
containing all forest canopy types across NNWR (Dewitz, 2019). Using 2012 0.6-meter
(reclassified to 30-meter) DEM tiles from Mississippi Automated Resource Information System
(MARIS; USDA-FSA-APFO, 2020), I calculated the slope across NNWR to determine any
potential influence of landform on sparrow home range selection. I calculated distance between
each resight location (or randomly selected available location) and nearest roadway using Near
analysis in ArcMap (ESRI, 2019) to determine the potential influence of human-made
infrastructure. I also obtained a binary 30-meter resolution fire disturbance raster layer (20162019), from the United States Department of Agriculture Southeast FireMap to account for
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timing of fire disturbance across NNWR (United States Geological Survey, 2019; Teske et al.,
2021). Lastly, I used R package sp (Pebesma & Bivand, 2005) to mask out open water features
(areas not useable by Bachman’s Sparrows) and created a 1:10 ratio of randomly selected used to
available locations across NNWR which ensured adequate sampling of availability (per Northrup
et al., 2013).

Home Range Creation and Available Locations for Microhabitat Selection

One of the primary methods to evaluate microhabitat selection (third-order habitat
selection) is to compare resources in used locations (i.e., areas in which an individual has been
located within its home range), to available locations (i.e., randomly selected areas within a
home range that are accessible to individuals and may or may not be used; Boyce & McDonald,
1999; Manly et al., 2002; Boyce, 2006). Using used locations of each sparrow, I approximated
home ranges for each individual using the Continuous-Time Movement Modeling (ctmm)
package in program R version 4.1.1 (R Core Team, 2021), based on methods from Calabrese et
al., (2016). I first used an empirical semi-variogram to visually assess autocorrelation and
appropriateness of different Continuous-time Stochastic Process (CTSP) models, given data for
each individual. CTSP models (independent identically distributed, Ornstein–Uhlenbeck,
integrated OU, Ornstein–Uhlenbeck Foraging) were then fit to relocation data for each individual
via maximum likelihood to approximate both a kernel density estimated home range (KDE) and
an autocorrelated kernel density estimated home range (AKDE). Kernel models were compared
using Akaike Information Criterion (AICc; Akaike, 1973) based model selection, and I
considered models as competing if the difference between the top AICc values was <2 (Burnham
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& Anderson, 2002). Typically, the model with the lowest AICc value was chosen but all
competing models (corresponding kernels) were visually assessed to determine the best kernel
model for each individual. Once I selected the best model, I used the corresponding KDE or
AKDE to approximate a home range for each individual, defined as the 90% isopleth (Börger et
al., 2006; Calabrese et al., 2016). I used R package sp (Pebesma & Bivand, 2005) to create a 1:1
ratio of used to available (randomly selected) locations within each individual’s home range
which ensured adequate sampling of availability (per Northrup et al., 2013).

Microhabitat Vegetation Assessment

For both used and available locations within home ranges, I quantified vegetation
structure to examine microhabitat selection (third-order habitat selection; Johnson, 1980).
Vegetation sampling at each location was conducted in September of each year, following the
conclusion of resighting season to minimize the potential impact of human presence on bird
behavior (Fernández-Juricic, 2000). For consistency, I identically measured vegetation structural
characteristics (canopy, midstory/shrub, and ground layer metrics) as described in Chapter II, in
addition to vegetation structural characteristics known to be important to Bachman’s Sparrows
(Table 3.1; Taillie et al., 2015; Winiarski et al., 2017). However, to assess resource use more
accurately, I measured ground layer metrics (shrubs <3’, total herbaceous groundcover, grasses,
leaf litter, and bare ground) at each point using a 1-m2 Daubenmire frame (Daubenmire, 1959) in
5% increments using ocular estimates. Given the territorial nature of Bachman’s Sparrows, I
counted available perches (tall woody shrubs, dead branches, snags, logs <16’) within a 3.6meter radius of the used location to assess the relative selection of perching options within home
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ranges. I also measured horizontal cover (visual obstruction) using a Robel pole (Robel, 1970) to
determine influences of height and density of vegetation on microhabitat selection.

Statistical Analyses

The most comprehensive way to assess the differences in resources at used and available
locations is through the utilization of a resource selection function (RSF; Boyce & McDonald,
1999). If resource-use patterns are a direct result of selection on fitness, there could be important
applications for conservation and management through the identification of preferential habitat
components in a system (Boyce & McDonald, 1999). The identification of such habitat
components is particularly important for species of concern like the Bachman’s Sparrows, which
are thought to be tied to very specific microhabitat requirements. To identify habitat
characteristics, which are disproportionately associated with home range and microhabitat
selection, I used RFSs to examine selection at two different scales. I first evaluated selection at
the home range scale using a Bayesian binomial generalized linear mixed-effect model using the
logit function (Boyce & McDonald, 1999; Lele, 2009). I included used vs. available locations
(i.e., 1 vs. 0) as the response variable, land-use/landcover variables as scaled predictor variables,
and individual marked bird as a random effect. The model included a combination of predictor
variables hypothesized to be important to sparrow home range establishment (Table 3.2). I
analyzed microhabitat selection using a Bayesian binomial generalized linear mixed-effect model
using the logit function, with used vs. available locations (i.e., 1 vs. 0) as the response variable,
vegetation structural characteristics as scaled predictor variables, and individual marked bird as
the random effect (Table 3.3). A quadratic effect of vertical density was included because some
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tall shrubs (3-10 ft) may be important for mate acquisition and territory defense, however dense
shrubs may restrict nesting and foraging opportunities Winiarski et al., (2017). For both models,
individual sparrow was included as the random effect to account for repeated measures of each
individual and to account for potential variation between individuals. Modeling was conducted in
the Bayesian framework to account for the potential limited information within random effect
levels (e.g., 37 individuals some with low resight locations). This potential limitation is
accounted for by imposing a Wishart covariance prior over the random effect coefficient (Chung
et al., 2013). I assessed both models for multicollinearity (|r| > 0.7; Dormann et al., 2013),
goodness-of-fit using the R package MuMin (Barton, 2020), and for overdispersion using a Chisquare test (Rana & Singhal, 2015). Both models sets were implemented using package blme
(Chung et al., 2013) in program R version 4.1.1 (R Core Team, 2021).

Results

A total of 41 Bachman’s Sparrows were captured across years (20 individuals in 2020; 21
individuals in 2021); however, because of limited resight locations (<10), four Bachman’s
Sparrows were removed from analysis. Thus, I retained 462 resight locations from 37 Bachman’s
Sparrows across breeding seasons (2020-2021). On average, each marked individual was
resighted 13 times across the breeding season. Despite extensive searching, none of the sparrows
captured in the 2020 field season were relocated in the 2021 field season. Bachman’s Sparrow
home range sizes ranged from 84 to 605 m2 in 2020, and 60 to 790 m2 in 2021, suggesting
variation across individuals, but similar home-range sizes among sparrows across years.
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On average, used locations within a home range had a pine basal area of 82 ft2/acre and
contained 45% overstory pine canopy cover, 8% hardwood midstory cover, 36% herbaceous
groundcover, with an average of 9 available perching options (Table 3.4). Average available
locations within a home range had a pine basal area of 75 ft2/acre and contained 49% overstory
pine canopy cover, 7% hardwood midstory cover, 32% herbaceous groundcover, and an average
of 7 available perching options (Table 3.4). Average vegetation metrics at used and available
locations within home ranges generally fell within Desired Forest Condition metrics (DFC
metrics; Nordman et al., 2016) for the Upper Coastal Plain Pine Flatwoods grouping (see
Chapter I; Table 3.4).

Home range establishment
Of the 4,620 sites evaluated across NNWR, Bachman’s Sparrows are generally
establishing home ranges in areas influenced by type and percent of tree canopy cover, fire
disturbance, slope, and distance to roadways (Table 3.5; Figure 3.4). This included a significant
positive association with evergreen cover (β2 = 1.572, p < 0.001) and fire disturbance (β3 =
3.966, p < 0.001). Significant negative effects included tree canopy cover (β1 = -0.277, p <
0.001), slope (β4 = -0.838, p < 0.001), and distance to roads (β5 = -1.224, p < 0.001). The
standard deviation of the random effect (individual) was 0.6940 with a variance of 0.482. I
assessed the model for overdispersion using a Chi-squared test (χ2 = 0.587), which indicated a
fitting model, and goodness-of-fit was assessed using the R2-value (fixed effect R 2 = 0.369, fixed
and random effect R 2 = 0. 0.394). Quadratic fixed effects between landcover covariates
(evergreen cover, tree canopy cover) were not assessed in the final resource selection model to
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allow for optimal model convergence. I subsequently predicted a habitat suitability map within
NNWR boundaries indicating potential hotspots of Bachman’s Sparrow occurrence based on
model coefficients (Figure 3.5).

Microhabitat Selection

Of the 924 sites surveyed, Bachman’s Sparrows are generally selecting microhabitat
conditions within their home range based on pine basal area, number of available perches,
density of vegetation, percentage of herbaceous groundcover, and percentage of leaf litter (Table
3.6; Figure 3.6). This includes a significant positive association with number of available perches
(β1 = 0.464, p < 0.001), pine basal area (β2 = 0.306, p <0.001), herbaceous ground cover (β4 =
0.308, p < 0.001) and vegetation density2 (β6 = 0.223, p <0.001). Furthermore, resource
parameters with a significant negative association include vegetation density (β5 = -0.440, p <
0.001), whereas null relationships existed for leaf litter (β3 = -0.088, p < 0.323). The standard
deviation of the random effect (individual) was 0.1025 with a variance of 0.0105. The model was
assessed for overdispersion using a Chi-squared test (χ2 = 0.998) which indicated a fitting model,
and goodness-of-fit was assessed using the R 2-value (fixed effect R 2 = 0. 129, fixed and random
effect R 2 = 0.420). The quadratic fixed effect of herbaceous groundcover was not informative
and was excluded in the final resource selection model.
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Discussion

The ideal free distribution (IFD) theory explains how animals may distribute themselves
in environments when resources (i.e., food, mates, and cover) are distributed non-uniformly
(Orians, 1969; Fretwell & Lucas, 1970). Individuals are assumed to have equal information
about the availability of resources, equal competitive ability, and are free to enter or leave
resource patches. Patch quality is also assumed to decrease as density (and, thus competition
for fixed resources) increases, and individuals are expected to select the most profitable patch
relative to the number of existing competitors (Fretwell & Lucus, 1975). However, many wild
populations do not meet such assumptions (Kennedy & Gray, 1993; Tregenza, 1995), as
resources may be defended, and individuals vary in competitive ability. Alternatively, the ideal
despotic distribution (IDD), predicts that competitive differences will cause resources to be
unequally distributed among individuals (Fretwell, 1972). Dominant individuals will secure
territories in the highest quality habitats while others are forced to defend lower quality
territories or are excluded from suitable habitats (Kokko & Sutherland, 1998). Individuals that
defend territories (e.g., Bachman’s Sparrows) are assumed to follow the IDD, as a result of
variation in both competitiveness and ephemeral habitat quality (Pagán et al., 2009). IDD
therefore may explain why none of the individuals banded the in 2020 field season were
relocated in the 2021 field season. Habitat quality may have decreased from 2020 to 2021
causing individuals from 2020 to potentially disperse into higher quality habitats, leaving open,
lesser value territories for other birds. Alternatively, new birds (unbanded individuals) in 2021
could be the result of natal fidelity if they were offspring of 2020 birds, but evidence of site
fidelity is unclear (Haggerty, 1988). However, though unlikely, it is also possible that all birds
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from the 2020 field season could have simply not survived and open territories were taken over
by new individuals. Future research using Global Positioning System transmitter technology
providing continuous locations is needed to evaluate this phenomenon.

Home Range Establishment

Most studies assessing Bachman’s Sparrow focus primarily on home range size, as it
fluctuates with successional stage and time since disturbance (Haggerty, 1998; Stober &
Krementz, 2006; Cox & Jones, 2007; Winiarski et al., 2017). Such research is crucial as this
species is intricately tied to disturbance; however, there is limited knowledge on home range
establishment when frequent, low-severity prescribed fire gives rise to suitable habitat conditions
across a landscape. My research addresses this knowledge gap by identifying landcover/landform
attributes that may influence home range establishment. Bachman’s Sparrows are most often
found in recently disturbed (<3 years) areas of mature (>80-year-old) pine stands [Longleaf,
Loblolly, Shortleaf (Pinus echinata), Slash, and mixed oak-pine)] with lower tree densities/basal
area (<81 trees per acre, 15 to 60 ft2 BA), and an open overstory canopy (<50%); Dunning &
Watts, 1990; Dunning et al., 1995; Haggerty, 2000; Ridgely et al., 2003). However, they can also
occur in intermediate-aged, young pine woodlands, and recent clear-cuts with planted pine
species where little bluestem (Schizachyrium scoparium) or other native grasses dominate the
ground cover (<5 years old; Dunning & Watts, 1990; Dunning et al., 1995; Cox & Jones, 2009).
My results align with existing research demonstrating the negative association with overall tree
canopy cover, and positive associations with recent disturbance events, and evergreen canopy
cover. Given their close association with disturbance in upland open pine communities and
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considering that Bachman’s Sparrows forage and nest exclusively on the forest floor (Haggerty,
1998), may explain the negative association with slope. Previous research suggests that slope
may directly affect habitat selection of birds due to energetic costs associated with steep slopes,
which may also affect individual movements and spatial distributions (Rolando, 2002), although
unlikely in open pine flatwood systems.
Initial capture locations were chosen based on results of breeding season point count
surveys (2016-2019) at NNWR, which identified known locations of Bachman’s Sparrows each
year. Survey locations were a minimum of 250-meters apart, which produced a spatially
balanced, random sample of survey points throughout each management sub-unit. The
probabilistic nature of the initial surveys that identified Bachman’s Sparrows within a
management sub-unit, in addition to subsequent target-netting, ensured a comprehensive search
for Bachman’s Sparrows within management sub-units. With extensive capture efforts, resight
locations (Figures 3.2-3.3), of most individuals appeared to be near roadsides, raising suspicions
about the potential influence of roadways on home range establishment. Model results indicate a
negative association with distance to roadways corroborating field observations, alluding to the
idea that management practices may have been more intense near roadsides, giving raise to
preferable habitat conditions despite potential anthropogenic disturbance from roadways.
Identifying such differences in management efforts may prove helpful in creating a more
uniform disturbance regime. Alternatively, other roadside edge effects may be driving sparrow
settlement decisions and is a phenomenon that should be explored further.
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Microhabitat Selection

Reductions in pine basal area and hardwood midstory are generally emphasized as critical
to management strategies to improve Bachman’s Sparrow habitat (Dunning & Watts, 1990;
Jones 2008). However, my results suggest individual sparrows at NNWR may be using
subsidiary resources within home ranges that play a significant role in microhabitat selection.
Given individuals were occupying home ranges in areas previously reduced in pine basal area
and hardwood midstory as prescribed by the HMP (U.S. Fish and Wildlife Service, 2015), I was
able to assess microhabitat selection at a finer scale within each sparrow’s home range. As
previously identified, Bachman’s Sparrows were selecting locations within their home range
based on pine basal area, number of available perching options, density of vegetation, and
percentage of leaf litter (Brooks & Stouffer, 2010; Jones et al., 2013). Despite active
management within these areas, vegetation density remains a major contributor to microhabitat
selection indicating the importance of routine prescribed fire and mechanical treatment in setting
back vegetative succession (Tucker et al., 1998; Cox and Jones, 2009; Burger et al., 1998).
While my results indicate a negative association with vegetation density, patches of dense
vegetation may provide perching options for male sparrows, while creating a favorable
microclimate for nestlings and fledglings (Jones et al., 2013). Considering the dependence of
Bachman’s Sparrow on fire-adapted systems, percentage herbaceous ground cover influenced by
canopy cover continues to play a vital role in habitat selection – likely driven by nesting and
foraging strategies, and predator evasion (Jones et al., 2014). Contrary to previous research
indicating Bachman’s Sparrows select areas with a high percentage of leaf litter cover (>80%;
Haggerty, 1998; 2000), my results suggest individuals preferred areas with an average of 33%
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leaf litter cover. This difference in relationship can most likely be attributed to prescribed fire
application on numerous pine stands within NNWR in 2021, creating overall a reduction in leaf
litter. While I did not assess the effect of leaf litter depth, this vegetation metric may play a more
critical role than leaf litter cover as Haggerty (1998) suggests, an optimal leaf litter depth of <0.5
inches. However limited, there is evidence supporting the need for perch availability in sparrow
habitat (Dunning & Watts 1990; Caine & Marion 1991; Haggerty, 1998), which align with my
results. This demonstrates a strong dependence on perching options, which are found more often
following prescribed fire and herbicide treatments and warrants further investigation into the
importance of perching options in sparrow habitat selection.
Generally, averages of vegetation metrics at used locations fell within ranges of DFC
metrics for Upper Coastal Plain Pine Flatwoods (Table 3.4). However, percentages of
herbaceous groundcover and grass are near lower limits or are below recommended ranges,
whereas pine basal area and percentage of shrubs 3-10 ft are near the upper limits or exceed
recommended ranges. Although many studies suggest Bachman’s Sparrows prefer areas with a
pine basal area of <60 ft2/acre (Haggerty, 1998; Haggerty, 2000), a study conducted by
Winiarski et al., (2017) suggests that sparrows selected nesting sites with a higher basal area;
however, the role of nest site characteristics are not well understood. The low percentages of
herbaceous groundcover and grasses within this study may be attributed to the application of
prescribed fire within NNWR in 2021, creating overall a reduction in ground story
characteristics. While Bachman’s Sparrow is a priority species found within Upper Coastal Plain
Pine Flatwoods, these metrics are not specific to this species. Previous evidence suggests that
Bachman’s Sparrows prefer a larger range of midstory shrubs (<40%; Chambers, 1994;
Haggerty, 1998), potentially for increased territory defense. Similarities in average vegetation
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metrics at both used and available locations within home ranges could be a result of uniform
management within pine units. Therefore, Bachman’s Sparrows could be utilizing all areas
within home ranges, or sparrows are selecting areas based on a metric or environmental cue that
is undetectable by the observer.

Management Implications

Understanding habitat characteristics that are associated with home range establishment
and microhabitat selection of Bachman’s Sparrows are important components of developing and
implementing conservation and management recommendations for this declining open pine
forest bird species. Results from my study indicate that percent and type of tree canopy cover,
slope, and distance to roadways influence home range establishment (i.e., second-order habitat
selection; Johnson, 1980) of sparrows within NNRW. Furthermore, results for microhabitat
selection (i.e., third-order habitat selection; Johnson, 1980) indicate the importance of pine basal
area, available perching options, vegetation density, leaf litter, and an abundance of native
herbaceous ground cover. Mangers should consider thinning relatively flat upland areas of
predominately native pine spp. to ~80 2ft/acre with few interspersed young hardwood trees. With
a relatively open canopy, managers should implement frequent disturbance regimes (every 1-3
years) rotationally among stands to provide suitable amounts of herbaceous groundcover and leaf
litter to promote nesting and foraging opportunities, while reducing hardwood midstory growth.
Once an individual establishes a home range in an area with preferred basal area, territory
defense may be a major driver of settlement decisions. As such, managers should strongly
consider leaving residual fallen trees and brush piles to provide additional perching options
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following disturbance, yielding increased opportunities for mate acquisition and territorial
defense during the breeding season.
My findings were limited by the inability to track individuals over seasons or account for
microhabitat selection at different dial periods. The use of Very High Frequency (VHF) or
Global Positioning System (GPS) tracking devices would enable researchers to understand why
sparrows with successful territories are being replaced by other birds in subsequent years (Fish et
al., 2020, Choi et al., 2021). Moreover, researchers would be able to assess the differences in
microhabitat selection throughout different times during the diurnal cycle. Future research should
consider implementing VHF or GPS tracking devices to address such caveats. Color banding of
nestlings could also provide insight to the potential philopatry of young, subsequently occupying
home ranges of adults. Furthermore, research should focus on the use of artificial perches in
recently cleared areas and the role of leaf litter and leaf litter depth in microhabitat selection by
Bachman’s Sparrow within individual home ranges.
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Tables
Table 3.1

Description of vegetation structural characteristics measured at each used and
available location within each captured individual’s home range at Sam D.
Hamilton Noxubee National Wildlife Refuge to determine third-order habitat
selection of Bachman’s Sparrows.

Forest Structural Characteristics
Canopy Metrics
Basal area for pine trees < 14”
Basal area for pine trees > 14”
Basal area for hardwood trees
Overstory
Midstory/Shrub Metrics
Midstory
Perches <16’
Shrubs 3-10’
Ground Layer Metrics
Shrubs <3’
Total Herbaceous Cover
Grasses
Leaf Litter
Bare Ground

Description
Number of pine trees with a basal area less
than 14” DBH
Number of pine trees with a basal area greater
than 14” DBH
Basal area of all hardwood trees
Percent cover of pine and hardwood overstory
(collected separately)
Percent cover of pine and hardwood midstory
(collected separately)
Number of tall woody shrubs, dead branches,
snags, logs <16’
Percent cover of shrubs <10’
Percent cover of woody plants, vines, shrubs
<3’
Percent cover of forbs and grasses
Percent cover of grasses only
Percent cover of dead vegetation
Percent cover of bare ground with no
vegetation
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Table 3.2

Summary of fitted scaled fixed covariates for home range establishment at Sam D.
Hamilton Noxubee National Wildlife Refuge.
Parameter

Tree Canopy
Evergreen
Fire
Slope
Road
Individual

Table 3.3

Summary of fitted fixed- and random-effect covariates for microhabitat selection
within home ranges at Sam D. Hamilton Noxubee National Wildlife Refuge.

Parameter
Number of Perches
Pine Basal Area
Herbaceous Groundcover
Leaf Litter
Vegetation Density
Vegetation Density2
Individual

Definition
Fixed effect; NLCD precent tree canopy
cover (Dewitz, 2019)
Fixed effect; NLCD percent evergreen cover
(Dewitz, 2019)
Fixed effect; areas within NNWR burned <6
years (United States Geological Survey,
2019)
Fixed effect; Differences in Elevation
(USDA-FSA-APFO, 2020)
Fixed effect; Distance to nearest road
Random effect; 37 Individual Bachman’s
Sparrows

Definition
Fixed effect; Number of tall woody shrubs,
snags, logs <16’
Fixed effect; Basal area of all pine trees
Fixed effect; Percent cover of forbs and
grasses
Fixed effect; Percent cover of dead vegetation
Fixed effect; Vegetation density (visual
obstruction)
Fixed quadratic effect; Vegetation density
(visual obstruction)
Random effect; 37 Individual Bachman’s
Sparrows
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Table 3.4

Comparison of average forest structural characteristics at used and available
locations within home ranges at Sam D. Hamilton Noxubee National Wildlife
Refuge to Desired Forest Condition metrics for Upper Coastal Plain Pine
Flatwoods grouping (Nordman et al., 2016).

Forest Structural
Characteristics
Pine Basal Area
Hardwood Basal
Area
Pine Overstory
Canopy Cover
Hardwood Overstory
Canopy Cover
Pine Midstory
Hardwood Midstory
Vegetation Density
Number of Available
Perching Options
Shrubs 3-10 ft
Shrubs 0-3 ft
Herbaceous
Groundcover
Grass
Leaf Litter
Bare ground

Table 3.5

Average for
Used Locations
82 ft2/acre
12 ft2/acre

Average for
Available Locations
75 ft2/acre
14 ft2/acre

‘Excellent’ DFC
Metrics
30-80 ft2/acre
<20 ft2/acre

44.6%

48.6%

25-70%

4.5%

6.6%

NA

1.4%
8.2%
40.2%
9

2.3%
7.2%
45.2%
7

<20%
<20%
NA
NA

24.6%
12.3%
35.7%

29.3%
17.7%
32.1%

<15%
<20%
35-80%

18.0%
33.0%
5.3%

17.2%
34.0%
5.0%

>25%
NA
NA

Summary statistics for scaled fixed covariates for home range establishment at
Sam D. Hamilton Noxubee National Wildlife Refuge.

Parameter
Estimate
Standard Error
P-value
Intercept
-4.813
0.207
<0.001***
β1: Tree Canopy
-0.277
0.071
<0.001***
β2: Evergreen
1.572
0.080
<0.001***
β3: Fire
3.966
0.196
<0.001***
β4: Slope
-0.838
0.130
<0.001***
β5: Road
-1.224
0.135
<0.001***
1
Significance codes: <0.001 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’, 0.1 ‘ ’.
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Table 3.6

Summary statistics for scaled fixed covariates for microhabitat selection within
home ranges at Sam D. Hamilton Noxubee National Wildlife Refuge.

Parameter
Estimate
Standard Error
P-value
Intercept
-0.209
0.097
<0.031*
β1: Number of Perches
0.464
0.082
<0.001***
β2: Pine Basal Area
0.306
0.073
<0.001***
β3: Herbaceous
0.308
0.082
<0.001**
Groundcover
β4: Leaf Litter
-0.088
0.089
<0.323
β5: Vegetation Density
-0.440
0.091
<0.001***
β6: Vegetation Density2
0.223
0.066
<0.001***
1
Significance codes: <0.001 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’, 0.1 ‘ ’.
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Figures

Figure 3.1

Location and management description of pine management sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge in east-central Mississippi.
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Figure 3.2

Resight locations of Bachman’s Sparrows captured in 2020.

Resight locations of 20 Bachman’s Sparrows within Sam D. Hamilton Noxubee National
Wildlife Refuge captured in 2020. Two sparrows captured in Bombing Range sub-unit; six
sparrows captured in Section Line sub-unit; nine sparrows captured in Goose Pen sub-unit; three
sparrows capture in the William’s Road sub-unit.
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Figure 3.3

Resight locations of Bachman’s Sparrows Captured in 2021.

Resight locations of 21 Bachman’s Sparrows Sam D. Hamilton Noxubee National Wildlife
Refuge captured in 2021. Four sparrows captured in Section Line sub-unit; two sparrows
captured in Goose Pen sub-unit; fifteen sparrows captured in the William’s Road sub-unit.
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Figure 3.4

Predicted likelihood of Bachman’s Sparrow occurrence in relation to scaled home
range estimation predictors measured at Sam D. Hamilton Noxubee National
Wildlife Refuge (2020-2021).
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Figure 3.5

Predicted possible home ranging areas for Bachman’s Sparrows within Sam D.
Hamilton Noxubee National Wildlife Refuge.
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Figure 3.6

Predicted likelihood of Bachman’s Sparrow selection in relation to scaled
microhabitat predictors measured at Sam D. Hamilton Noxubee National Wildlife
Refuge (2020-2021).
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Figure A.1

Mean probability of perceptibility and 95% CI of Brown-headed Nuthatch and
Prairie Warbler within three management sub-units at Sam D. Hamilton Noxubee
National Wildlife Refuge (2017-2021).
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Figure A.2

Mean probability of availability and 95% CI of Brown-headed Nuthatch and
Prairie Warbler within three management sub-units at Sam D. Hamilton Noxubee
National Wildlife Refuge (2017-2021).
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